Appendix 5-B-1 "A" Dimension for
Prestressed Girder Bridges

(For Simple Span or Continuous P.S. Bridges)
Definitions:

= Span length (ft.)

= Vertical curve length (ft.)

= Algebraic diff. in profile tangent grades (%)

= Horizontal curve radius to girder per next sheet (ft.)
= Girder top flange width (inches)

= Deck crown or super slope (ft./ft.)

S EmQC®
I

Note: The following assumes that sag breaks in curb line profiles due to super transitions will occur @ Piers so as
not to require any increase “A.”

“A” Dimension (At Piers only)

(Slab Thickness + 3/4") fillet =+ (Normally 81/4")
(D Excess Girder Camber Allowance =+
Top Flange Width Effect = W x Zm =+
2
Horiz. Curve Effect = % =+
_1.5Gs? _
Vert. Curve Effect = 100L = {+ for Sag Vert. or - for Crown Vert.)
—
Round “A” to nearest /4" « > Total “A”

— (See minimums below) May make shorter span critical. ~ +———

g Use “A” = (Slab thickness + 3/4") + Top Flange Width Effect) Min.
Use “A” = 9" Min. where Drain Type 5 crosses girder.

The basic attempt is to have the top of girder not higher than 3/4” below the bottom of slab at the center of the span.
This provides that the actual girder camber could exceed the calculated value by 13/4” before the top of the girder
would start interfering with the slab steel.

@ Allowance for the amount the girder camber, at time of slab casting,“D” dimension from Girder
Schedule Table.

Use 2.50 @ preliminary plan stage to determine vertical clearance. Note in left margin of Layout:
“A” Dimen. = “X” (not for design).

Use value from deflection program results to determine “A” Dimen. to use for design.
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Horizontal Curve Effect:

HORIZONTAL CURVE FFFECT R 400

cpP AN LENG, tan ¢ = 5,730Sm x 0.01746 tan 1°

: ST 400R  (approx.)
P ¥

;@ H | ~N
H= 573Sm x 0.01746 x S x 12
% R B N 4R 2
/

GIR
DER ON Q}g\

INSIDE OF CURVE Q
Q 2

H % x m (inches) «
(approx.)

Vertical Curve Effect:

Algebraic difference in profile tangent grades = G (%)

Vertical curve length = L (ft)

Span Length = S (ft)

(ROWN VERT. CURVE
| S ol
- d
) a
g il
SAG VERT. (LRVE
K= 100G a=K x _S2 x12= Gx S2x 12
2L 40,000 400

a=15x _G_ xS2(inches) «_
100 L

Check for excess pad at @ span

For bridges which are on sharp crowned vertical curves, the pad at @, span can become excessive to the point

where the girder and diaphragm stirrups (based on the “A” dimension) are too short to bend into the proper position.
This is a problem on bridges with spans in excess of 100 feet and a total grade change of 10 percent on a 900-foot

vertical curve. The effect of girder cambers which are less than the calculated values tends to add to this error.
The “A” dimension @ @ centerline span shall not be less than:

“A” @, =“A” pier + Vertical Curve effect + Excess Camber — (D) Screed Camber (C)

A value for “D” of 1 inch less than that shown on the Girder Schedule Table should be used to accommodate the
worst case of camber variation.

A correction should be made to the stirrup lengths if the value of A ¢ exceeds A by more than 2 inches.
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Appendix 5-B-2 Pre-approved
Post-Tensioning Anchorages

Preapproved Post-Tensioning Anchorages

The following are the anchorages approved by the Washington State Department of
Transportation. The majority of these anchorages have been approved and accepted

by WSDOT on the bases of tests done by suppliers for various state and local jurisdictions
outside the state of Washington.

VSL Corporation (Owned by DYWIDAG Systems International)

Anchorage Type Maximum Number of Strands
ES5-12 Bearing Plate 12 '2-inch strands
E5-19 Bearing Plate 19 "z-inch strands
ES5-22 Bearing Plate 22 Y2>-inch strands
E5-31 Bearing Plate 31 Ye-inch strands
E5-37 Bearing Plate 37 V2-inch strands
E6G-12 Bearing Plate 12 0.6-inch strands
E6-19 Bearing Plate 19 0.6-inch strands
E6-22 Bearing Plate 22 0.6-inch strands
E6-31 Bearing Plate 22.06-inch strands

EC5-31 Casting With External and Intermediate 31 V2-inch strands

EC5-27 Casting With External and Intermediate 27 Ye-inch strands

EC5-19 Casting With External and Intermediate 19 z-inch strands

EC5-12 Casting With External and Intermediate 12 "%-inch strands

S06-4 Casting With External Flange (for Bearing) 4 0.6-inch strands used for dock
(or slab) post-tensioning

ACS-28.5 Bearing Plate 28 Y2-inch strands

ACS-24.5 Bearing Plate 24 "/>-inch strands

ACS-22.5 Bearing Plate 22 Y2-inch strands
C-225 Casting With External and Intermediate 22 Y2-inch strands

ES5-12 Single Plane Anchorage 12 '2-inch strands
ES5-19 Single Plane Anchorage 19 z-inch strands
ES5-31 Single Plane Anchorage 31 V2-inch strands
ES6-7 Single Plane Anchorage 7 0.6 inch strands
ES6-12 Single Plane Anchorage 16 0.6 inch strands
ES6-19 Single Plane Anchorage 19 0.6 inch strands
ES6-22 Single Plane Anchorage 22 0.6 inch strands
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AVAR Post-tensioning Systems

Anchorage Type Maximum Number of Strands
SP 12.5 Single Plane System 12 Y2-inch strands
SP 19.5 Single Plane System 19 z-inch strands
SP 27.5 Single Plane System 27 Y2-inch strands
SP 37.5 Single Plane System 37 V2-inch strands
MP 12.5 Multiple Plane System 12 '2-inch strands
MP 22.5 Multiple Plane System 22 /»-inch strands
MP 34.5 Multiple Plane System 34 Vs-inch strands
C125 Single Plane System 12 '2-inch strands
C19.5 Single Plane System 19 Vs-inch strands
Cc27.5 Single Plane System 27 2-inch strands
DYWIDAG Systems International

Anchorage Type Maximum Number of Strands

MA12-0.5” Mutiplane Anchorage 12 Ys-inch strands

MA 9-.06” Mutiplane Anchorage 9.6-inch strands

MA 15-.05" Mutiplane Anchorage 15 Vs-inch strands

MA 120-0.6” Mutiplane Anchorage 12.6-inch strands
MA 20-.05” Mutiplane Anchorage 20 Y2-inch strands
MA 15-.6” Mutiplane Anchorage 15.6-inch strands
MA 27-0.5” Mutiplane Anchorage 27 Y2-inch strands
MA 19-.06” Mutiplane Anchorage 19.6-inch strands
MA 37-0.5” Mutiplane Anchorage 37 Ye-inch strands
MA 27-.06" Mutiplane Anchorage 27.6-inch strands
MA 15-.5" Mutiplane Anchorage 27 Ye-inch strands
MA 15-.5" Mutiplane Anchorage 27 2-inch strands

Bar Anchorages 1-inch thread bars through 13/8 at fu of 150 ksi only.

* Total strands include all bottom strands and top strands

** Strands are not developed fully, designer should check capacities and span lengths

Page 5-B-4

Bridge Design Manual M 23-50
July 2005




Appendix 5-B-3 Existing Bridge Widenings

The following listed bridge widenings are included as aid to the designer. These should not be construed
as the only acceptable methods of widening; there is no substitute for the designer’s creativity or ingenuity
in solving the challenges posed by bridge widenings.

Contract Type of

Bridge SR No. Bridge Unusual Features

NE 8th Street U’Xing 405 9267 Ps. Gir. Pier replacements

Higgins Siough 536 9353 Flat Slab

ER17 and AR17 O-Xing 5 9478 Box Girder Middie and outside widening.

SR 538 O-Xing 5 9548 T-Beam Unbalanced widening section support at

diaphragms until completion of closure pour.

B-N O’Xing 5 9566 Box Girder Widened with P.S. Girders, X-beams, and
diaphragms not in line with existing jacking
required to manipulate stresses, added
enclusure walls.

Blakeslee Jct. E/W 5 9638 T-Beam and
Box Girder Post-tensioned X-beam, single web.
B-N O’Xing 18 9688 Box Girder
SR 536 9696 T-Beam Similar to Contract 9548.
LE Line over Yakima River 90 9806 Box Girder Pier shaft.
SR 18 O-Xing 90 9823 P.S. Girder Lightweight concrete.
Hamilton Road O-Xing 5 9894 T-Beam Precast girder in one span.
Dillerbauch Creek 5 Flat Slab
Longview Wye SR 432 U-Xing 5 P.S. Girder Bridge lengthening.
Klickitat River Bridge 142 P.S. Girder Bridge replacement.
Skagit River Bridge 5 Steel Truss Rail modification.
B-N O-Xing at Chehalis 5 Replacement of thru steel girder span
with stringer span.
Bellevue Access EBCD Widening Flat Slab and  Deep, soft soil. Stradle best replacing
and Pier 16 Modification 90 3846 Box Girder single column.
Totem Lake/NE 124th I/C 405 3716 T-Beam Skew = 55 degrees.
Pacific Avenue I/C 5 3087 Box Girder Complex parallel skewed structures.
SR 705/SR 5 SB Added Lane 5 3345 Box Girder Multiple widen structures.
Mercer Slough Bridge 90/43S 3846 CIP Conc. Tapered widening of flat slab outrigger
Flat Slab pier, combined footings.
Spring Street O-Xing CIP Conc. Tapered widening of box girder with
No. 5/545SCD 3845 Box Girder hingers, shafts.
Fishtrap Creek Bridge 546/8 3661 P.C. Units Widening of existing P.C. Units.
Tight constraints on substructure.
Columbia Drive O-Xing 395/16 3379 Steel Girder =~ Widening/Deck replacement using standard
rolled sections.
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Contract Type of

Bridge SR No. Bridge Unusual Features

S 74th-72nd St. O-Xing No. 5/426 3207 CIP Haunched Haunched P.C. P.T. Bath Tub girder
Con. Box Girder sections.

Pacific Avenue O-Xing No. 5/332 3087 CIP Conc. Longitudinal joint between new and
Box Girder existing.

Tye River Bridges 2/126 and 2/127 3565 CIP Conc. Stage construction with crown shift.
Tee Beam

SR 20 and BNRR O-Xing No. 5/714 9220 CIP Conc. Widened with prestressed girders
Tee Beam raised crossbeam.

NE 8th St. U’Xing No. 405/43 9267 Prestressed Pier replacement — widening.
Girders

So. 212th St. U’Xing SR 167 3967 Prestressed Widening constructed as stand alone
Girders structure. Widening column designed

as strong column for retrofit.

SE 232nd St. SR 18 5801 CIP Conc. Skew = 50 degree. Longitudinal “link
Post-tensioned pin” deck joint between new and
Box existing to accommodate new creep.

Obdashian Bridge 2/275 N/A CIP Post-tensioned  Sidewalk widening with pipe struts.

1999 Box
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Appendix 5-B-4 P.T. Box Girder Bridges Single Span
Width
Contract Award Curb Span/ Skew
No. Name County Date Span  Curb (ft) Depth Deg. Remarks
8759 Kalama River Bridge Cowlitz 40 Varies 6’ sidewalk
8 270 0 4653 0 ononeside.
A0
D
L
NB 270 20 Varies Varies 0 6 sidewak
20 465 ononeside.
D
8
8761  ValleyViewRoadOxing Sohomish 2/70 170 3B 252 0
8
190
gi@  ColumbiaRiverBridge Chelan& 7M1 20 A Varies 0
atOlds™ Dougas 10
1005
145
9749  BwegreenPakway Thurston 145 B Varies & Hourglasscolumns.
114
114
875
160
940  WSunsetWayRampUxing King 12774 12 5 29 Cuned
100 500R&
600R
129
118 24FOverMDLine Clark 878 01 3 Varies 0
129
16
3 Sen.SamC.GuessMemorial 590 1 77 Varies v Replacedarch, buit
(Division St. 2/644) 126 intwostages.
**Middle 3 spans of 7-span bridge are post-ensioned.
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Width

Contract Award Curb Span/ Skew
No. Name County Date Span  Curb {ft) Depth Deg. Remarks
8569 Brickyard Road U'xing King 2/69 137 38 222 45
155
9122 NE 50th Avenue U’xing Clark 7/71 124 44 24.8 12
124
9122 NE 69th Avenue U'xing Clark 7171 130 84 23.6 0
130
9289 SE 232nd Street U'xing King 3/72 141 55 235 51
133
9448 NE 18th Street U'xing Clark 1/73 138 44 22.8 17 6’ sidewalk on
138 eachside.
9737  MillPlain Road /C U'xing Clark 574 167 8 22 8 5'sidewalkon
172 eachside.
082 EastZilahl/CUxing Yadma 10777 178 D 230 4
138
082  HudsonRoadUxing Yadma 1077 151 D 26 ¥
151
1219 JohnsonRoadUxing Yekima& 878 1% ) 27 23}
Benion 161
136  DonaldRoadUxing Yadma 12/78 12 % 238 4H
155
1784 148hAvenueNEUxing King 12/79 168 @ 219 4
157
178  GapRoadUxing Yadma 1/80 131 D 21 ¥
131
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Widh

Contract Aned Cub Spary Sew
No.  Nare Courty Deie Sen Curb (ft) Depth Deg Remaks
2158 14HLineUxing Clark 11/81 114 &) 28 0
114
2155 14DLineUxing(North) Clark 11/81 19 23] 218 Cubed
1% 600R
217 SR12Uxing Berion 282 147 % 23 0
147
217 KeeneRoadUxing Berlon a2 180 K} 214 Cuned 25 counterweighted
120 11459R  cantleverspansat
eachend Transv.PT.
207  GlineUxing Berton 482 14 Vares 205 0 30’ counterweighted
1806 786846 cantleverspansat
eachend. Transv.PT.
207 NSLineUxing Berion 482 1% 3B 21 0
15
2207  SR240ConnecionUxing Benon 482 1635 » 204 0 25 counterweighted
(Rline) 1635 cantlleverspansat
eachend. TransvPT.
23 Road68YCUxing Frankin 482 191 6 2332 K3
191
2%  Road100/CUxing Frankiin 482 183 B 215 15
167
2Z¥  SR141/CUxng(Eastbound) Frankn 482 170 23] 24 Cuned
15 1600R
23 SR14ICUxing(Westbound)  Frankiin 42 13 3B 218 Cunved
148 1500R
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Width

Contract Award Curb Span/ Skew
No. Name County Date Span  Curb (ft) Depth Deg. Remarks
8759 Kalama River Bridge Cowlitz 40 Varies 6’ sidewalk
8 270 20 4653 0 ononeside.
20
D
4]
NB 270 20 Varies Varies 0 6 sidewalk
20 465 ononeside.
9]
8
861 ValleyViewRoadO'xing Snohomish 270 170 3B 252 0
8
190
912  ColumbiaRiverBridge Chelan& 7M1 20 A Varies 0
atOlds™ Dougas 10
1005
145
9749  BwegreenPakway Thurston 145 B Varies & Hourglasscolumns.
114
114
875
160
W80  WSunsetWayRampUxing King 12774 12 5 29 Cuned
100 500R&
600R
129
118 24FOverMDLine Clark 878 01 3 Varies 0
129
126
3 Sen.SamC.GuessMemorial 590 1 77 Varies v Replacedarch, buit
(Division St. 2/644) 128 intwostages.

**Middle 3 spans of 7-span bridge are post-ensioned.
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Widh

Contract Anard Cub Sper/ Sew
No.  Nme Cee Sen Curb (ft) Depth Deg Remats
635
1431  SR5160%g 379 13 v:2J 242 ;4]
635
1580  AhtarumCreckOXing 167
B &9 5@ .3 251 Cuned
167 1200R
137
NB gm  6@12 3 251 Cuned
166 1200R
1950  YakimaRiverBridges 1080
North Bridge 140+ Varies Varies Cuned Transversepost
161 48-100 6000R fentioning
161
215
1%
SouthBridge 140+ 3B Vares Cunved Transversepost-
161 5900R tensioning.
161 10'bicyde and
215 pedestianpath
147 ononeside.
215%  14lLline 11/81 163 B 22 Cuned
145 600R
24
2138 14DLine(South) 11/81 128 23] 244 Cuned
17 65R
128
2207  GELineOverGlLine 482 D 3B 235 Cuned
188 1400R
D
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Contract Avad Cub Spary Sew
No  MNare Courty Deie Sen Curb(ft) Deph Deg Remals
227  RALneOverERLine Berton 482 & % 173 D Transverse post-
104 tentioning.
245  PealStrectOxing Perce 482 %:¢] 1) 27 Cuned
12 1400R
%]
245  6hAvenueOxing Pierce 482 43 Varies 27 Cuned
15 874 1400R&
i} 1 400R
2327  SpokaneRiverBridge Spdere o8 175 s} Varies 0 Transversepost-
Sage' X5 tentioning.
175
el Green RiverBridge King 118 “ Varies 2
180
D
16
374 Sen.SamC.GuessMemorial 590 1 V4 Varies g4 Replacedarch, buit
(Division St.2/644) 126 {depth 5510 intwostages.
8.5atpiers)
**Notyettocontract.
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Appendix 5-B-5

Design Example 1 Prestressed Girder Design

Prestressed Girder Design (LRFD)

girder := "interior"

Design Criteria

Loading: HL-93

Concrete:
prestressed girder, f'oi == 7.5-ksi
f'e := 8.5-ksi (f'ci + 1 ksi)

slab,  f'.g:= 4-ksi
Reinforcing Steel: (§5.4.3)
AASHTO M-31, Grade 60, fy = 60-ksi
Eg := 29000-ksi

Prestressing Steel:

AASHTO M-203, uncoated 0.6"¢, 7 wire, low-relaxation strands (§5.4.4.1)

fpu = 270-ksi
fpy = 0.90-f, fpy = 243 ksi
Ep := 28500-ksi

Nominal strand diameter, dy, := 0.6:in

Ap = 0.217 in2

Design Method: LRFD

Bridge Design Manual M 23-50
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1. Structure
Simple span design
Bridge width, BW := 381t curb to curb
Girder spacing, S:= 8-ft
Number of girder lines, N := 5

Skew angle, Oy = 40.37-deg
Design span, CL of brg. to CL of brg., L := 131.75-ft

Girder length (see girder schedule), GL := 133.07-ft
Distance from end of girder to CL Brg. (see girder schedule), P2 := 3:0n

Curb width on deck, cw = 10.5-in

Deck overhang (from CL of exterior girder to end of deck, see slab design),

BW - (N, - 1)-S

overhang := f +cw overhang = 3.875ft
Prestressing,
harping strands Np = 16
straight strands Ng := 26
temporary strands Ni=2

2. Live Load
Loading : HL.-93, consisted of a combination of the (§3.6.1.2.1)

- Design truck (HS20) or design tandem (2-25 kip axles @ 4'-0" apart), and
- Design lane load (no dynamic load allowance) Wlane ‘= 0.64-%
t

No. of design lanes (§3.6.1.1.1) NL = ﬂoor( ll;“f/j if BW > 24-ft
-ft

2 if 24-ft 2 BW > 20-ft

1 otherwise

3. Concrete Properties

3.1 Precast Prestressed Girder

COS(G sk)

we = 0.160-kef
1.5
We fe
E. := 33000-| — - [—ksi E; = 6157ksi (§5.4.2.4)
kef ksi
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1.5
We fei . .
E¢i == 33000:| — - | —ksi Eqi = 5784 ksi
kef ksi

f
f.:= 0.24- f-ksi f, = 0.7ksi (85.4.2.6)
\‘ si

4 Concrete Deck Slab Requirement
4.1 Determination of slab thickness and effective width
use slab depth (see slab design)
for design, tg1 := 7.0-in

for D.L. calculation, tg := 7.5-in

5. Computation of Section Properties

5.1 Stiffness Assumptions
Dead loads to non-composite section.
Live load and S.I.D.L. to composite section.

5.2 Prestressed Girder Section Properties
W74G Washington standard prestressed girder

dg = 73.5in Ag = 747.7-in2 Iy = 547384-in4 Ypg = 38.02:in by = 6-in
e e (top 1 idth)
Yio:=do =Y Stg == — Spo = — bf:= 43-in top tlange widt
tg ¢~ Tbg tg Vig bg Vog f P g
. .3 .3
Yig = 35.48in Stg = 15428 in Spg = 14397 in

"A" dimension (from top of slab to top of girder) (BDM 6.1-A1-1), set A= 11.25in
Optional criteria for span-to depth ratio (§2.5.2.6.3) - for continuous prestressed

girder, the min. depth (including deck) is 0.040-L = 5.27 ft OK

5.3 Composite Section Properties (§4.6.2.6)

Assume effective span (for simple span analysis), L.:= L

1
Let  tem:= max((bw E‘bf))

The effective flange width b shall be taken as the least of
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1
—Le

4
b; := min| 1244 + tem b; =96in b:= |b; if girder = "interior"
1
S g»Le
bj
b=38ft — + min tem if girder = "exterior"
2 6-tg1 + —
2
overhang
. fe
modular ratio, n:= |— n = 1.458
fes
b ts1
Aglab = ;'tsl Yps = dg + Py AYps = Aglab Ybs
Area Yy A-Yy
.2 . .3
slab Aglap =461 in Yps = 77in Aglab Yps = 35496 in
. .2 . . 3
girder Ag =747.7in Ypg = 38.02in Ag Ypg =28428in
Aglab Ybs + Ao Y
b= slab’ 7bs g Tbe Yy =52.89in @ bottom of girder
Aslab + Ag
Yii=dg - Yp Y;=20.61in @ top of girder
Yis = tgp + Y¢ Yis =27.61in @ top of slab

b 3
2 — |-t
tslj (n) st
— + ———

Lslabe = Aglab: (Yts - ) D)

Toc = Ag(Yp - ng)2 + 1o

I = Igtabe + Ige

Section modulous of the composite section

Islabe = 269922 in4
.4
Igc = 712642in

I. = 982564 in4

1
Sp = = Sp = 18579 in3 @ bottom of girder
Yp
1
St = ?C St = 47667 in3 @ top of girder
t
n-I
Sts = Y—C Sis = 51871 in3 @ top of slab (modified due to modular ratio)
ts
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6 Limit
g.tf‘tgservice Limit States
Limit states relating to stress, deformation, and crack width under regular service conditions.

6.2 Load Factors and Combinations (§3.4.1)

Service I - Load combination relating to the normal operational use of the bridge. Compression in
prestressed components is investigated using this load combination.

1.0DC + 1.0 (LL+IM)

Service III - Load combination relating only to tension in prestressed concrete structures with the
objective of crack control.

1.0DC + 0.8 (LL+IM)

Force effects due to temperature, shrinkage and creep, because of the free movement at end piers, are
considered to be zero.

Force effects due to temperature gradient, wind, friction at bearings, and settlement are ignored.

7 Vehicular Live Load
7.1 Design Live Load (§3.6.1.2.2)
AASHTO HS20-44

Mpg20(L) = 2094 kip-ft per lane

Tandem does not control.

AASHTO Lane Load

2
L .
Miane = Wlane' =~ Miane = 1389 kip-ft
7.2 Dynamic Load Allowance, IM (§3.6.2)

The dynamic load allowance shall not applied to pedestrian loads or to the design lane load.

All other components (including girder)

Fatigue and Fracture limit state IM = 15%
All other limit states

IM = 33-%
M1 = Mpgoo(L)-(1 + IM) + Mjgpe M | = 4174kip-ft
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7.3 Distribution of Live Load
7.3.1 D.F. for Moment (interior girder)

Range of applicability (LRFD Table 4.6.2.2.2b-1), case k
Width of deck is constant (§4.6.2.2.1)

Curvature in plan is less than the limit specified in §4.6.1.2
if (3.5-ft < S <£16.0-ft,"OK" ,"NG") = "OK"

if (4.5-in < tg < 12.0-in,"OK" ,"NG") = "OK"

if (20-ft £ L <240-ft,"OK" ,"NG") = "OK"

if(Np > 4,"OK" ,"NG") = "OK"

The multiple presence factors shall not be applied except for exterior girders where special requirement
applied (§3.6.1.1.2 & 4.6.2.2.2d).

eg, distance between the centers of gravity of the basic beam and deck,

eg = Yps = Ybg eg =39in

2 6. 4
K, = n-(lg + Ag-eg ) Kg=245%10"in (LRFD Eq. 4.6.2.2.1-1)
if(104in4 < Kg <7 106in4, "OK", ”NG”) ="0OK"

D.F. for moment (interior girder, two or more design lanes loaded governs by inspection):

0.1

0.6 , 102
S S K
DF; := 0.075 + 12 | == DF, = 0.674
9.5ft L 3

L-tgg

7.3.2 D.F. for moment (exterior girder)

Range of applicability (LRFD Table 4.6.2.2.2d-1), case k
if (—-1.0-ft < overhang — cw < 5.5-ft,"OK" ,"NG") = "OK"

overhang — cw = 3 ft
if(Nb > 3, ||OK" R ||NG||) = ||OK"

077 + overhang — cw
ee = max 9.1-ft ee =1.1
1.0

D.F. for moment (exterior girder)

DF, := ee-DF; DF,=0.741 lever rule check set  DF,:= DF,
(§4.6.2.2.2d) (see
7.3.3 Skewed Bridges (§4.6.2.2.2¢) hand calculation)

Applied when the difference between skew angles of two adjacent lines of supports does not
exceed 10 deg.

if(30-deg < B < 60-deg,"OK" ,"NG") = "OK"
if(3.5ft <S < 16.0-ft,"OK" ,"NG") = "OK"
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if (20-ft <L <240-ft,"OK" ,"NG") = "OK"
if(Nb 2 4’ V|OKII R "NG") = llOKH

c1:= |0.0 if By < 30-deg

SK:= [1- c1~(tan(60~deg))1'5 if B4 > 60-deg
0.25

0.5 1.5 .
K 1 —cq-(tan(® otherwise
0.25- £ (E) otherwise ! ( ( Sk))
3 L
L-tgq
c1 =0.09 SK =0.93
Reduced D.F. for moment
DF:= |SK-DF, if girder = "interior" DF = 0.627
(SK-DFe) if girder = "exterior"

8 Computation of Stresses

8.1 Stresses due to Weight of Girder

- _ kip
Wg = Ag W wg = 0.831 f_t
2
L .
Mg = wg~? Mg = 1803 kip-ft
-M
frgi= — frg = —1.4ksi @ top of girder
Stg
fipg = & fiyg = 1.5ksi @ bottom of girder
Sbg

8.2 Stress due to Weight of Slab and Pad

wg = | tg2-(S)-w¢ if girder = "interior"

ki
wg = 0.8 —2
ft
S M M n T "
tg2- E + overhang |-w.| if girder = "exterior

The depth of slab pad is fillet depth at the center line of span,

ki . U
Wpy = (A - t32)~bf~ We Wpy = 0.18 flp assume uniform distribution
t
kip
Wspu = Ws + Wpy Wspy = 0.98 o
L < L .
Mgp(x) := Wspu~5~x - Wspu'? Mgp E =2125kip-ft
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fig = —————= fig = —1.65 ksi @ at top of girder
Stg
L
P
2 .
fihg == . fhs = 1.77 ksi @ bottom of girder
bg

8.3 Stresses due to Weight of Diaphragm

Intermediate diaphragms are not required (§5.13.2.2) for straight girders; but BDM 6.2-AS requires
intermediate diaphragms @ 1/4 point of span for span over 120 ft.

Number of diaphragms, Ndiaph = 3

Diaphragm section (BDM 6.3-A1), intd:= 3.625ft-8-in

S —by
P:= |intd| —— |-w, if girder = "interior" P =3.8kip
cos(esk)
intd [ S—bw . o
—| ——— |-w if girder = "exterior
2 cos(esk)
Mg = |P

—(0.3+ 0.)L] if ngigph = 4

[L
1.5L LY .
( 5 - —j if Ndiaph = 3

L
; ——| if Ndiaph = 2

Mg = 250.7kip-ft

o

o

if 1
Z|Z] ifn =
2 ) diaph
0-

-kip-ft otherwise

-My
fiq = fiq = —0.2ksi @ top of girder
Stg
M
fhq = S_bd fpqg = 0.21 ksi @ bottom of girder
g

8.4 Concrete Stresses due to S.I.D.L. (Applied to Composite Section)
Weight of one traffic barrier is  tb = 0.47-%
t

Np
Weight of one traffic barrier is distributed over min. of — =2.5 girders or 3 girders.
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tb
min((Np-0.5 3))

Wi

y

wp = 0.188 —2
fi

My, = 407.9kip- ft

fish = —0.09 ksi

fip = 0.1 ksi

fiop = 0.26 ksi

@ top of slab

@ top of girder

@ bottom of girder

8.5 Concrete Stress due to Live Load (Applied to Composite Section)

My, = My -DF
Service I
-Mp
frs1, =

Sts

-Mp

fi,=——

t St

Service 111
0.8-My,
S

fpL, =

8.6 Summary of Stresses at Mid-span

@ top of slab
girder

slab+pad
diaphragm
s.i.d.l. figh = —0.09 ksi

LL+IM (Service I)  fiq; = —0.61ksi

My, = 2615kip-ft

fig, = —0.61 ksi

fir, = —0.66 ksi

for = 1.35ksi

@ top of girder

frg = —1.4ksi
fis = —1.65ksi
fig = —0.2ksi
iy = —0.1ksi
fir, = —0.66 ksi

@ top of slab

@ top of girder

@ bottom of girder

@ bot. of girder
fpg = 1.5ksi
fhs = 1.77 ksi

fipg = 0.21 ksi

fiyp = 0.26 ksi
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LL+IM (Service II) foL = 1.35ksi
Service I- 1.0 DC +1.0 (LL+IM)
figl = fig + fis + fia + i + fr. frgr = —4.01 ksi
Service III - 1.0 DC +0.8 (LL+IM)

fogrrr = fog + fbs + fbd + fob + oL fpgrrr = 5.1ksi

9 Determination of Prestressing Forces (§5.9)

9.1 Stress Limits for Prestressing Strands

fou =270 ksi (LRFD Table 5.4.4.1-1)
fpy =243 ksi
fpe == 0.80-fpy fpe = 194.4ksi @ service limit state after all losses

(LRFD Table 5.9.3-1)

Losses due to steel relaxation at transfer (§5.9.5.4.4b)

Curing time for concrete to attain f'ci is approximately 12 hours: set t:= 1.0 day

fpj = 0.75-fpy fpj = 202.5ksi immediately prior to transfer+steel relax.
(LRFD Table 5.9.3-1)
log(24.0-t) | fpj ,
AfpRr] = ———— | — — 0.55 |-fy; AfyR1 = 1.98 ksi
PRI 0.0 [fpy P PRI

9.2 Allowable Concrete Stresses at Service Limit State
9.2.1 Compressive Stresses Limits After All Losses (§5.9.4.2.1)

Using Service I load combination
—0.45-fc =—-3.83ksi due to permanent loads
—0.60-f'c = —5.1ksi due to permanent and transient loads and during shipping and handling

—0.40-f. = —3.4ksi due to live loads plus one-half the sum of effective prestress
and permanent loads
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9.2.2 Tensile Stress Limits (§5.9.4.2.2)

For the service load combinations which involves traffic loading, tension stress in members with bonded
prestressing strands should be investigated using Service III load combination.

Tension in precompressed tensile zone assuming uncracked section

’ f ’ f
0.190- [— ksi = 0.55 ksi OR 0.09438- — ksi= 0.28 ksi (for severe corrosive conditions)
ksi ksi

0-ksi  WSDOT design practice
9.3 Loss of Prestress (§5.9.5)
Af iy = Af pg + Afgp + Afcg + Afr)
Given: Ap= 0.217in2
harping strands Ny =16
straight strands Ng =26

temporary strands Ny =2

Np = N + Np Np = 42

.2
Aps = Ap'Np Aps =9.114in
Atemp = ApNt Atemp =0.434 in2

jacking force, fpiNh-Ap = 703.08 kip
Jacking force,  f,;-Ng-Ap = 1143 kip
jacking force, fpi Ny Ap = 87.88kip

(note: these forces include initial prestress relaxation
loss, see §C5.9.5.4.4b)

.2
Apstemp = Ap'(Ny + Np) Apstemp = 9.548in

Find E, E:= |2-in if Ng<10 E =3.69in
(N - 10)-(2-in) Note: Don't use this E
2:in+ ———— if I0<Ny<18 value for W42G
Ns girders (see std.
8-(2-in) + (Ng — 18)-(4-in) plans).
2-in + if 18 <Ng <22
NS
(Ng — 14)-(2-in) + 4-(4-in)
2-in + if 22 <Ng <24
NS
10-(2-in) + (Ng — 20)-(4-in)
2-in + otherwise
NS
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(Np = 12)-(3-in)
Fcr, == if|Np > 12, ——— + 3-in,3-in Fcr, =3.75in

Np
c.g. of straight strands to c.g. of girder, eg = Ypg — E eg = 34.33in
c.g. of harped strands to c.g. of girder, ep = Ypg — FcL ep = 34.27in
c.g. of temporary strands to c.g. of girder, etemp = Ytg — 2+in etemp = 33.48in

. eg'Ng + ep'Np
c.g. of all strands to c.g. of girder, epi= —— ep =34.31in

N
P

epr — etemp-Nt

e = e =31.22in
ptemp Np + N ptemp

9.3.1 Loss due to Elastic Shortening, Afygs(§5.9.5.2.3a)

feop: concrete stress at c.g. of prestressing tendons due to the prestressing force at
transfer and the self-weight of the member at the sections of maximum moment.

Guess values: pst = 180-ksi prestress tendon stress at transfer (LRFD Table 5.9.3-1)
2 2
. Eci _(pst'Apstemp) (pst'Apstemp)'eptemp wg (GL)" eptemp
Given (fpj — AfpR1 — pst)'_ = - + .
Ep Ag Ig 8 Ig
pst = Find(pg() pst = 180.3ksi
2 2
{pst' (Apstemp)] (Pst'Apstemp)'eptemp Wg(GL) " eptemp .
fegp = - + - fegp = —4.11ksi
Ag Ig 8 Ig
AfpES = fpj — AfpRr1 — Pst Afpgs = 20.25ksi
9.3.2 Approximate Lump Sum Estimate of Time Dependent Losses (§5.9.5.3)
Time-dependent losses : Af g + Af g + Af g,
Criteria: foi>3.5ksi=1 OK
Normal density concrete
Concrete is either steam or moist cured
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Prestressing is by low relaxation strands
Are sited in average exposure condition and temperatures

no partial prestressing ~ Aq := 0~in2

partial prestress ratio (LRFD Eq. 5.5.4.2.1-2) PPR:= ——— PPR =1
Apsfpy + Ag-fy
Approximate lump sum estimate of time-dependent losses (§5.9.5.3)
f'e —6.0-ksi
LOSS; = 33.0-| 1.0-ksi — 0.15-——— | + 6.0-ksi-PPR LOSS; = 36.94ksi

Allowable reduction for I-girders, 6.0 ksi,
LOSS; := LOSS; — 6.0-ksi LOSS; = 30.9ksi

(§5.9.5.1) In pretension members where the approximate lump sum estimate of losses is used,

Af g, should be deducted from the total relaxation.

At transfer, the losses that could be accounted for are elastic shortening and steel relaxation only.

LOSS;:= LOSS; — AfpR| LOSS, = 28.96ksi

9.3.3 Loss due to Creep AfjcR (§5.9.5.2.32)

Afeqp change in concrete stress at center of gravity of prestressing steel due to permanent loads, except the
load acting at the time the prestressing force is applied. Values of Afcgp should be calculated at the same

section or sections for which feg, is calculated.

c.g. of straight strands to c.g. of composite girder, ey, .= Yy — E

egc =49.191n
c.g. of harped strands to c.g. of composite girder, ey := Yy, — Fcr,

ehe = 49.141in
L esc'Ns + epe'Np
c.g. of all strands to c.g. of composite girder, epc = = s e -
Np
epc =49.17in
M L +M
= e
spl 5 d|p Mp €pe .
Afegp = + Afegp = 2.03 ksi
I, I
AfpcR = 12.0-(~fcgp) — 7.0-Afeqp AfpcR = 35.09ksi (note: > LOSSt sometimes)
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Total loss AfyT (note: BDM assumes a 48 ksi total loss), not including Afpry,

Afpr:= LOSS + Af,Es Afpy =49.21ksi use AfpT == AfpT
. (use Modified
= f,; — - fye = 151.315k

fpe := fpj = AfpR1 = AfpT pe = 151315 ksi Rate of Creep method)
fpe < 0.80-fpy =1 OK, (LRFD Table 5.9.3-1)
Pe:= Ny Ay fe P, = 1379.1kip

P e
% _p.— = 5.13ksi

Ag bg

fngH =5.1ksi

Tension at bottom of girder

Pe ep f'e
fpgrir + | —— — Pe—— | = —0.03ksi < allowable  0.0948- [—-ksi = 0.28 ksi say OK
Ag Sbg ksi
0-ksi  (BDM)

10 Stresses at Service Limit State
10.1 Final Stresses at Midspan

Compressive stresses at top of slab

Stresses due to permanent load + prestressing

frsp = —0.09 ksi < allowable —-0.45-f s = —1.8ksi OK

Stresses due to permanent and transient loads,

. -ML
LL+IM (Service I)  figp =

fisL = —0.61 ksi
ts

fish + fisL = —0.7ksi <allowable  —0.60-f\cg = —2.4ksi OK

Stresses due to live load + one-half the sum of effective prestress and permanent loads,
fis, + 0.5-figp = —0.65 ksi <allowable  -0.40-f s = —1.6ksi OK

Stresses at top of girder

prestressing, fip = —— + Pe—— fip = 1.22ksi
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Stresses due to permanent loads,

fig + fis + fig + fip + fip = —2.13ksi < allowable  —0.45-f, = -3.83ksi

Stresses due to permanent and transient loads,

_ML
LL+IM (Service I) fig = S fir, = —0.66 ksi
t
ftg + ftS + ftd + ftb + ftL + ftp =—-2.79ksi < allowable —060fc =—5.1ksi OK
Stresses due to live load + one-half the sum of effective prestress and permanent loads,
fir, + 0.5-(fig + fis + fig + fip + fyp) = —1.72ksi < allowable  —0.40-f = —3.4ksi OK
10.2 Final Stresses at Harping Point
Harping location from CL of brg., xp := 0.4-GL — P2 Xp = 52.9ft
Stresses at top of slab
2
. L Xh .
si.d.l, Mpp, = Wb'z'xh - Wb-T Mpp = 392.09 kip-ft
~Mph
fish = figh = —0.09 ksi
Sts
LL+IM (Service I)
M 1, := 4025-kip-ft (see QConBridge output)
M| p:= My -DF M| = 2522Kkip-ft
—MLp
figl = figr, = —0.58 ksi
Sts
Stresses due to permanent loads,
frsh = —0.09 ksi < allowable —0.45-f g = —1.8ksi OK
Stresses due to permanent and transient loads,
figp + frsp, = —0.67 ksi < allowable —0.60-f'gg = —2.4ksi OK
Stresses due to live load + one-half of the permanent loads,
fi + 0.5-figp = —0.63ksi < allowable —0.40-f'¢g = —1.6ksi OK
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Compressive stresses at top of girder

2
. L Xh .
glrder’ Mgh = Wg'g'xh — Wg.T Mgh = 1733 kip-ft
_M h
frg = — frg = —135ksi
Stg
slab+pad,  Mgp(xp) = 2.04210™-kip-ft
—Mgpl Xp
fig = Mipln) fig = —1.59 ksi
Stg
. LY] . .
diaphragm, Mgy, = P-|:1.5-xh - (xh - Zj:| if Ndjaph = 3 Mgh = 226.1kip-ft

L
P-|:Xh - (Xh - E)J if Ndiaph = 2

P .
—-(Xh) if Ndjaph = 1

0-kip-ft otherwise

~Mdh
fiq = fiqg = —0.18 ksi
Stg
. ~Mbh
s.i.d.l., fip == fip = —0.1ksi
St
. Pe €p
prestressing, fip=—+Pe— fip = 1.22ksi
Ag Stg
Stresses due to permanent load + prestressing,
fig + fis + fra + fip + frp = —1.99ksi < allowable —-0.45-f'. = -3.83 ksi OK
Stresses due to permanent and transient loads,
. ~MLh ,
LL+IM (Service I) fi, = fir, = —0.63 ksi
t
ftg + ftS + ftd + ftb + ftp + ftL =-2.62ksi < allowable —OGOFC =—5.1ksi OK

Stresses due to live load + one-half the sum of effective prestress and permanent loads,
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0.5 (fig + fis + fia + fip + fip) + fir, = —1.63ksi <allowable —0.40-f = —3.4ksi OK

Stresses at bottom of girder

. Mgh .
girder, fpg = —— fpg = 1.44 ksi
Sbg
Mgp| Xp
slab+pad, fhg == M fihg = 1.7ksi
Sbg
. Man .
diaphragm, fpg = —— fpg = 0.19 ksi
Sbg
. Mpp
s.idl., fop = —— fiyp = 0.25 ksi
b
. —Pe €p
prestressing, fpp=— —Pe—— fpp =—5.13ksi
Ag Sbg
) M- 0.8
LL+IM (Service III) fpL == e fpL = 1.3ksi
b

Stresses due to permanent and transient load + prestressing
Tension at bottom of girder

’ f
fog + fos + fod + fob + foL + fop = —0.24 ksi < allowable 0.0948- k—:i-ksi = 0.28 ksi OK

0-ksi (BDM)

11 Stresses at Transfer

(§5.8.2.3) The prestressing force may be assumed to vary linearly from zero at free end of strand to a
maximum at the transfer length.

Transfer Length, D,

D := 60-dy, D = 36in

11.1 Prestressing Losses at Transfer
Loss due to elastic shortening, (note: BDM assumes a 20 KSI loss at transfer),

Afpgs = 20.2ksi
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Prestress tendon stress at transfer (LRFD Table 5.9.3-1), p ,

pst = 180.27 ksi

11.2 Concrete Stress at Transfer at "D" from End of Girder

Assume the girder is supported at the both ends at transfer (per a girder fabricator),

Moment due to weight of girder,

GL W,
Mgp = wy—~D - Tg-D2 Myp = 162.1kip-ft
Prestressing force at transfer,

For straight strands, Psis = pst'Ns-Ap Pgis = 1017 kip

Py = 625.9kip
Py = 78.238 kip

For harped strands, Pgih = pst Nh-Ap
For temporary strands, Py := pgNpAp

Pgi == Psis + Psjh + pse N Ap Pgi = 1721 kip

Eccentricity for harped strand at "D" from end of girder, e p,
find distance from the top of girder to the c.g. of the harped strands at the end of girder, F,

row—1

z (2:i-2+in) | + (N = 2-row)-(row) 2-in

Np i=0
row := floor| — Fy = 4in + .

2 Np
Fo=11in set  Fy:=29.0-in
harping rise, Ry, := dg — F, — FcL, Rp =40.75in

Rp
harped strand slope, slopep, := slopep, = 0.064
Xp + P2

check harped strand slope, if( slopep, £ 0.166 if dp =0.5:in ,"OK" ,”NG”] ="OK"

slopep, < 0.125 if dy, =0.6-in

holddown force at jacking, Ppq,

Ry : .
Phd = fpi" NpAp-sin| atan Ppq = 44.8kip (for checking shop drawing)
= s Xp + P2
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Ry )
eph = m-(xh+P2—D) + Fcr, - Yog epp = 4.181in

At top of girder,

Mop Py Psis-€s — PsineDh — Psit- €t
(_ g _ij_i_ sis"€s ~ Fsi SICtemp 0 sy

Stg

Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2).

fei .
0.24- | — -ksi = 0.66 ksi OK
ksi

or w/o bonded reinforcement (use),

0.0948 Fei ksi
. | —-KS1
min| Ksi =0.2ksi OK

0.200-ksi

At bottom of girder,

Mgp B E N —Pgis-es + Psih-eph + Psit temp = 43 ksi
Sbg  Ag Sbg
< allowable  —0.60-f;; = —4.5ksi OK

11.3 Concrete Stresses at Transfer At Harping Point

Moment due to weight of girder,

GL w
Mgt = wg-T-(PZ + xp) - Tg-(PZ +xp)° Mgqh = 1.765 10” kip-fi

For straight strands,

Py = 1.017x 10° kip e = 34.33in
For harped strands,
Pgin, = 625.908 kip ep =34.27in

For temporary strands,

P = 78.238kip eremp = 33.481in
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At top of girder,

Mgth  Psi Pgis-es + Psih-en — PsitCtemp
- —-— |+
Stg Ag

=—0.19 ksi
Stg

Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2).

Fei .
0.24- | —-ksi = 0.66 ksi OK
ksi

or w/o bonded reinforcement (use),

0.0948 Fei ksi
. « |/ KS1
min ksi =0.2ksi OK

0.200-ksi

At bottom of girder,

[Mgth Psij . —Psis-es — Pgin-en + Psit temp

=-4.56ksi

Sbg  Ag Sbg

< allowable —0.60-f¢; = —4.5ksi OK

(Note: f'ci at lifting is more critical at lifting due to shifting of support points into mid-span)

12 Strength Limit State
Resistance factors (§5.5.4.2.1)

0f:= 0.90 for flexure and tension of reinforced concrete

¢p = 1.00 for flexure and tension of prestressed concrete

0.90 for shear and torsion of normal weight concrete

Oy:
Load Modifier
np = 1.00 for non-ductile components and connections (§1.3.3, for conventional design)
nRr = 1.00 for redundant members (§1.3.4, for conventional level of redundancy)

ni:= 1.00 for operationally important bridge (§1.3.5, for typical bridges)

n = max((nD'nR'mD n=1 (§1.3.2)
0.95
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12.1 Ultimate Moment Required

Strength I load combination - normal vehicular load without wind (§3.4.1).

The force effects due to temperature shrinkage and creep are ignored.

Load factors (LRFD Table 3.4.1-1):
Yp:= 125 for component and attachments

vL = 1.75 for LL
Flexural moment

Dead load moment,
L .
Mpc = Mg + MSP(E) + Mg+ My  Mpc =4586kip-ft

Live load moment,

M, =2.615x% 103 kip-ft
M, = n-(vyMpc + ¥ ML) M, = 10309 kip- ft
12.2 Flexural Resistance (§5.7.3)
Note: In PGSuper, moment capacity is computed using a non-linear strain-compatibility methodology.

Find stress in prestressing steel at nominal flexural resistance, fps (§5.7.3.1.1)

foe = 151.315 ksi 0.5 fpy = 135 ksi

if (fpe > 0.5-f5y, "OK" ,"NG") = "OK"

pu:

f
k= 2.(1.04 - %j k=028 (LRFD Eg. 5.7.3.1.1-2)
pu

Ag = 0~in2
A= 0-in” (conservatively)
hf = tg) hf=7in (depth of compression flange)

dp, distance from extreme compression fiber to the centroid of the prestressing tendons,

dp = tg] + dg — (Ybg — €p) dp = 76.79in
b =96in
by = 61n
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fog — 4.0-ksi
B = if| fog < 4-ksi,0.85,0.85 — 0.05:| ———— Br:=|B; if By =065

1.0-ksi

0.65 otherwise

B =085 (§5.7.22)

Assume flanged section,

Angfoy — 0.85-B1-Fes(b — by)-he
S i L ex (b~ 0w cf=24.33in

cf:
fou

0.85-FcsB1-byy + kAps =
dp

(for flange section, ignore the girder top flange and the modular ratio of the slab and deck
concrete for simplicity)

Assume rectangular section,

Aps-fou

Cri= ¢y =8.59%in
fou
0.85-f'cgB1b + kApg—
dp
c:= |cp if O-in<c, <hf ¢ =24.33in

cf otherwise

Stress in prestressing steel at nominal flexural resistance, fys (§5.7.3.1.1),

C .
s = fpu-(l - k-—j fps = 246.1 ksi
dp

Flexural Resistance (§5.7.3.2.2 & 5.7.3.2.2),

a:=Ppyc a=20.68in
My = if| hp < ¢, Apg-fog| dp — = | + 0.85-Feg-(b b)Bhathf dy— =
=i ¢ Anefoe| dp — — 85-F (b = by)-Br-he| = = — |, Anc-foe| dy — —
n f psps| Bp T cs wlf2 > pspsT| TP T
M,, = 13455 kip- ft
M; = 05 My M, = 13455 kip-ft
My <M, =1 OK where M, = 10309 kip-ft

13 Limit for Reinforcement

13.1 Maximum Reinforcement (§5.7.3.3.1)
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Apg-fogd
do= —2 P de =76.79in

Aps-Tps

The maximum amount of prestressed and non-prestressed reinforcement shall be such that

if(i <042,"0OK" ,”NG”) ="OK" where £ 2032
e e

The section is not over-reinforced. Over-reinforced reinforced concrete sections shall not be permitted.

13.2 Minimum Reinforcement (§5.7.3.3.2)
AASHTO 9.18.2

Compressive stress in concrete due to effective prestress force (after all losses) at midspan
Pe €p .
fpeA = — + Pe— fpeA = 5.13ksi (compression)
Ag  Spbg

Non-composite dead load moment at section, Mqpc

L
Mpnc = Mg + Msp(;) + My Mgpe = 4178 x 10° kip-ft
Sp
Mr = (f + fpea)-Sb — Mdne o 1 1.2- My = 9376 kip-ft
bg
M;>1.2Mg =1 OK where M, = 13455 kip-ft

If NG, check against 1.33 Mu.

13.3 Development of Prestressing Strand (§5.11.4)
fps = 246.05 ksi fpe = 151.32ksi dp =0.6in

Pretensioning strand shall be bonded beyond the critical section for development length, L g,

fos 2 f
Lg= 16| 2= - = 2Z1lq Lg=11.61ft
ksi 3 ksi
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14 Shear Design & Longitudinal Reinforcement Design
14.1 Shear Design Procedure (§5.8.1.1)
Distance from compression face to centroid of tension reinforcement,

d:=dg d =6.3991t

Since =65.875ft > 2-d = 12.798 ft Use sectional model

0|

14.2 Shear Force Effect (§5.8.3.2)

Compute effective shear depth (§5.8.2.7), dy, de and a need to be modified to reflect the critical
section location, also at harping point location.
a .
de== = 66.45in

0.9-de = 69.11in

0.72-(dg + tg1) = 57.96in

a
de — E
dy := ma 0.9-dg dy =69.11in

0.72-(dg + tg1)

(§5.8.3.2) The location of critical section dc for shear shall be taken as the larger of O.S-dv-cot(e) or dy

from the internal face of the support. Since q, the angle of diagonal compressive stress, is not known;
therefore use dy for shear force calculations.

use de=dy for now

Shear at d. from CL of bearing

Dead load
. L
girder, Vg = wg-(g - dC) Vg =49.94kip
L .
slab+pad, V(%) = wspu(; - ) Vgp(de) = 58.86kip
diaphragm, Vg:= |1.5-P if ngjzph =3 Vq =5.71kip
LO-P if ngjaph =2
0.5-P if ngjaph =1
0-kip otherwise
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. L .
s.id.l., Vp = wb(z - dcj Vp = 11.3kip

Vpe = Vg + Vgp(de) + Vg + Vi Vpc = 125.82kip

Live Load Shear
D.F. for Shear (interior girder)
Range of applicability (LRFD Table 4.6.2.2.3a-1), case k

if (3.5-ft <S < 16.0-ft,"OK" ,"NG") = "OK"
if (20-ft < L < 240-ft,"OK" ,"NG") = "OK"
if (4.5-in < tg < 12.0-in,"OK" ,"NG" ) = "OK"

if(Nb 2 4, "OKH , HNGH) = HOKII
For two or more design lanes loaded (interior girder):

S g 320
DFy;:= 02 + — — | —— DF,; = 0.814
v 12-ft (35-ft) v

D.F. for Shear (exterior girder)
Range of applicability (LRFD Table 4.6.2.2.3b-1), case k,
if (=1.0-ft < overhang — cw < 5.5-ft,"OK" ,"NG") = "OK"

Correction factor,

overhang — cw
10.0-ft

ed = 0.6+ ed =09

D.F. for shear (exterior girder),
DF, := e4-DFy; DF, = 0.733
Correction factor for skewed bridges (Table 4.6.2.2.3¢c-1)

if(0-deg < B < 60-deg,"OK" ,"NG" ) = "OK"
if (3.5-ft < S < 16.0-ft,"OK" ,"NG") = "OK"

if (20-ft <L < 240-ft,"OK" ,"NG") = "OK"
if(Np >4,"0K","NG") = "OK"

0.3
L~tsl3
SKy := 1.0 + 0.20-

%, tan(0 g ) SK, = 1.108
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Increased D.F. for shear,

DF, := |SK-DF; if girder = "interior" DF, = 0.902
(SKyDFye) if girder = "exterior”

L.L. shear at critical section (see QconBridge output), % =0.044
Vi = 118.5:kip
Vi := VLL-DF, VL, = 106.94 kip
Shear force effect,
V= 1(Yp'VpC + 11 V1) Vy, = 344.42kip

14.4.3 Determination of B and 6 (§5.8.3.4.2)
Vp

a: angle of harped strands inclination

CL of bearing to end of girder, P2 =3.94in

Rp
Qo := atan o =3.65deg
Xp + P2
Ph = fpe' Ap'Np P}, = 525.366 kip
Vp = Pysin(a) Vp = 33.45kip

foo0- Stress in prestressing steel when the stress in the surrounding concrete is 0.0,

Within the transfer length, f po shall be increased linearly from zero at the location where the bond
commences to its full value at the end of transfer length.

since de + P2=73.045in >= D =36in
fpo = 0.7fpy fho = 189 ksi (tension)
N,, external axial forces,
N, = 0.0-kip
My, at critical section,

2
. L de B .
Mg = Wg-z-dc—wg-T M, = 301.4kip-ft
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Mgp(de) = 355.2kip-ft

My = Vg-de My = 32.9kip-ft
2
L dc .
My, = Wb'E'dc - Wb.T My, = 68.2 kip-ft

Mpc = Mg + Mgp(de) + Mg+ My Mpg = 757.709 kip- ft

M 1 := 759.69-kip-ft (from QconBridge output)

("it is conservative to take Mu as the highest factored moment that will occurred at
the section rather than the coincident moment.")

My, := My -DF M = 475.99 kip-ft
My, then,
M, = n-(¥pMpc + 7-M) M, = 1780kip-ft
My = max((M, Vy-dy)) M, = 1983 kip- ft

Apg: area of prestressing steel on the flexural tension side of the member

.2
Aps = Ng-Ap Aps =5.642in

Aq: area of non-prestressed reinforcing steel on the flexural tension side of the member (LRFD
Fig. 5.8.3.4.2-3)

Ag = 0.0 in2 (conservatively)

pereq.5.8.3.4.2-3, A, =area of concrete on the flexural tension side of the member as
shown in Figure 5.8.3.4.2-1

A¢ = 6:in-19+in + 3:in-9.5-in + 6:in-0.5(dg + tg1) A = 384in
(See design policy memo for the revised €4 equation)

M
— 4+ 05Ny + (Vy - Vp) —A

ps'fpo
Exx = — -3
xx 2'(Es'As + Ep'Aps) €xx =—1.28x 10
€y = [exx 1f €4xx20.0 e, = —8.14x 10—5
2(Eg-Ag + Ep Apg) .
E€xx' otherwise
2(E¢-Ac + Eg-Ag + B Apg)
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LRFD Eq. 5.8.3.4.2-1

by = by, by = 6in
V- 0y V
vz — Y P v=084ksi
¢V'bv'dv
~ =0.099
f

C
From LRFD Table 5.8.3.4.2-1, with transverse reinforcement

use 0 := 21.4-deg
B:=324

Check critical section location (§5.8.3.2)
0.5-dy-cot(6) = 88.17in

dc=69.11in Larger governs, say OK

14.4.4 Required Shear Strength (§5.8.3.3)

f
Ve := 0.0316-B- /ﬁ-ksi-bv-dv V. = 123.77kip
S1
0y =09
Vg > 0~5'¢v'(Vc + Vp) =1 if positive, transverse reinforcement req'd (§5.8.2.4)
Try two legs #4, Ay = 0.40~in2 s:= 18:in (see standard girder plan)

V,: shear to be taken by shear reinforcement (§5.8.3.3)

Ay-fy-dy-cot(6) . Ve+ Vs + Vp 392.34
Vgi= —— V, = 235.1kip -
s 0.25-f¢-by-dy + Vp 914.565
Ve+ Vg + Vp
Vj == min V, =392.34kip
0.25-f-by-dy + Vp
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if(0y-Vp = Vy,"OK" ,"NG" ) = "OK" V, = 344.42 kip

Check minimum shear reinforcement (§5.8.2.5)

fe by-s fc by-s 2
if| Ay 2 0.0316- [—ksi-—,"OK" ,"NG" | = "OK" 0.0316: | —ksi-—— =0.17in
ksi fy ksi fy

Check maximum shear reinforcement spacing (§5.8.2.7)

0.8-dy 0.4-dy
Smax = if| v< 0.125-f ., min ,min Smax = 24in
24.0-in 12.0-in
S := min| s=18in
S

use Ay = 0.4in° and s=18in

14.4.5 Longitudinal Reinforcement at Critical Section (§5.8.3.5)
0,:=0.75  for axial compression with spirals or ties (§5.5.4.2.1)
Aps: area of prestressing steel on the flexural tension side of the member
Aps-tps = 1388 x 10° kip

(per §C5.8.3.4.2, "it is conservative to take Mu as the highest factored moment that
will occurred at the section rather than the coincident moment.")

My Ny Vu . Vu ;
+0.5— +|— = 05min| | Vg — || = Vp|cot(8) = 935.6kip

dv‘¢p On v v
Mu Nll Vll Vu
if| Aps fps = —— + 0.5— +|— - 0.5-min| | V¢ — || = Vp|-cot(8),"OK" ,"NG" | = "OK"
dv'¢p On Oy Oy

if true, no longitudinal reinforcement required.

14.5 Shear Design and Longitudinal Reinforcement at Harping Point
14.5.1 Factored Shear Force (§1.3.2)

. L
Dead load girder Vg = Wg'(; - xh) Vg = 10.8kip
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slab + pad Vsp(Xh) = 12.7kip

diaphragm Vy:

0.5-P if ngjaph =3 V4 =19kip
0-P if ngjaph =2

0.5-P if ngjapp =1

0-kip otherwise

. L
s.i.d.L Vp = Wb-(z - Xh) Vp = 2.4kip

Vpe = Vg + Vip(xn) + Vg + Vi Vpc = 27.8kip

LL shear at harping point (see QconBridge output)
Vi = 55kip
Vi, = Vy1-DF, Vi, =49.6kip

Shear force effect .
Vu=n-(¥p VbC + ¥ VL) V, = 121.6kip

14.5.2 Nominal Shear Resistances (§5.8.3.3)

Determination of b and q (§5.8.3.4.2)
Vp = 0.0kip

fho stress in prestressing steel when the stress in the surrounding concrete is 0.0,
oo = 0.70fpy fpo = 189 ksi (tension)
Ny, external axial forces,
Ny := 0.0-kip
M, at harping point,
Mpc = Mgp + Mgp(xn) + Mdh + Mpp Mpc = 4393 kip-ft

M j, = 2522kip-ft

(per §C5.8.3.4.2, "it is conservative to take Mu as the highest factored moment that
will occurred at the section rather than the coincident moment.")

M,, then
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=
<
|

=" '(Yp'MDC + YL'MLh) M, = 9905 kip-ft

M, = max((M, Vydy)) My, = 9905 kip- ft

Aps: area of prestressing steel on the flexural tension side of the member

.2
Aps = Np-Ap Aps =9.114in

Aq: area of non-prestressed reinforcing steel on the flexural tension side of the member
(LRFD Fig. 5.8.3.4.2-3)

A= 0.0-in

(See design policy memo for the revised €y equation)

Mll
—+ 0.5-Ny + (Vu = Vp) = Aps-fpo
Exx = — Exx =—128x 10 °
2(Eg-Ag + EpAps)
. -5
ex = |exx if €xx =00 ex =-8.14x 10

2(Eg-Ag + EpApg) .
€xx’ otherwise
2(E¢-Ac + Eg-Ag + By Apg)

LRFD Eq. 5.8.3.4.2-1

V- 0y V
y=— VP v =0.33ksi
q)v'bv'dv

2 ~0.038
f'C
From LRFD Table 5.8.3.4.2-1, with transverse reinforcement

use 0 := 21-deg
B:=4.1

14.5.3 Required Shear Strength
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’ f
V.= 0.0316-B- k_c.'kSi'bv'dv V. = 156.6kip
si

Vy > 0-5'¢v‘(V o+ Vp) =1 if positive, transverse reinforcement req'd (§5.8.2.4)

Try two legs #4, Ay = 0.40»in2 s = 18:in (see standard girder plan)

V,: shear to be taken by shear reinforcement (§5.8.3.3)

Ay-fy-dy-cot(6)

Vy= ——— V = 240 kip
S
Ve + Vg + Vp
Vj == min| Vi = 396.66 kip
0.25-f-by-dy + Vp
if(0y-Vy 2 Vyy,"OK" ,"NG" ) = "OK" V, = 121.65kip

Check Minimum Shear Reinforcement (§5.8.2.5)

f'e by's f'e by's 2
if| Ay =2 0.0316- [— ksi- ,"OK","NG" | = "OK" 0.0316: | —ksi-—— = 0.17in
ksi fy ksi fy

Check Maximum Shear Reinforcement Spacing (§5.8.2.7)

0.8-dy 0.4-dy
Smax = if| v < 0.125-f'., min| ,min Smax = 241in
24.0-in 12.0-in
. Smax .
§:= mln[[ j} s=18in OK
S

use Ay =04 in2 and s =18in

14.5.4 Longitudinal Reinforcement at Harping Point (§5.8.3.5)

3.
Agfy + Aps s = 2.243x 107 kip

("it is conservative to take Mu as the highest factored moment that will occurred at
the section rather than the coincident moment."; but it could be too conservative.
per §C5.8.3.5, at max. moment locations, the tension in the reinforcement does not
exceed that due to the maximum moment alone.)

M N, [V v
05— + {—“ - 0.5-min((Vs —“D - Vp:|~cot(6) — 1.896x 10° kip

dV'q)p On Oy \
Mu Nll Vll Vll
if| Agfy + Apgfps = +0.5— +|[— = 0.5min| | Vg — || = Vp|-cot(B),"OK","NG" | = "OK"
dv‘q)p On v Oy
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if true, no longitudinal reinforcement required.

14.6 Pretension Anchorage Zone

14.6.1 Jacking Force In Service (§3.4.3)

P;, jacking force, Pj = £ Np-Ap P; = 1846kip

check jacking force in service (§3.4.3),

Vpc, permanent dead reaction at bearing,  Vpc = Wg.E
2

1.3-Vpc = 71.1kip
if(Pj > 1.3-Vpc,"OK" ,"NG") ="OK"
14.6.2 Factored Bursting Resistance Pr (§5.10.10.1)

Add extra stirrups at beam ends:

Let fg == 20-ksi (conservatively)

d
A, total area of reinforcement located within the distance Tg =18.41in

B 0.04-(fpj Apstemp)

from the end of the beam

Ag: A =3.867 in2 Note: the the prestressing force prior to
fs release (see PCI design example)

use 5 #5 U- stirrups @ 3.5" spacing at each end of beams (see standard plan).

Ag = 5-031-in>2 Ag=3.1in° say OK

14.6.2 Confinement Reinforcement (§5.10.10.2)

For the distance within 1.5-dg =9.191t

from the end of the beams, the reinforcement shall not be less than #3 deformed bars, with spacing not

exceeding 6", and shaped to enclose the strands in the bottom flange.

Need to modify the standard plan.
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15 Lift Analysis
Allowable Stresses
Lifting

Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2).

Fei .
0.24- [—ksi = 0.66 ksi
ksi

or w/o bonded reinforcement,

0.0948 Fei ksi
. - | —-KS1
min| ksi =0.2ksi

0.200-ksi

Allowable compression (§5.9.4.1.1)
—0.60-f'¢j = —4.5ksi

Shipping

Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2).

fe
0.24- | —-ksi = 0.7ksi
ksi

or w/o bonded reinforcement,

fC
0.0948. [— ki
min i U = 0.2ksi

0.200-ksi
Allowable compression during shipping and handling (§5.9.4.2.1),
—0.60-f'c = —5.1ksi

At lifting
Distance from end of girder to CL Brg, P2 =3.94in
Assume pick point from the end of girder, xp := 2.5-ft

Moment due to weight of girder at harping point, which is the critical section,

GL 1
Mg = Wg.T.(Xh + P2 - XL) = 5~wg-(xh + PZ)2 Mgp = 1627kip-ft
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For straight strands at lifting,

P = 1017kip
es = 34.33in

For harped strands at lifting,
Pgih = 625.91 kip
ep =34.27in

At bottom of girder at lifting

. (Mgh Psij —Pgis-es — Pgin-en + Psit etemp
= — -— |+

Sbg  Ag Sbg

f, = —4.68 ksi < allowable —0.60-fj = —4.5ksi

K
At top of girder at lifting say O

Ste Ag

ft =

( Mgh B Psij N Pgis-es + Psin-en — Pt etemp f = ~0.08 ksi

Stg

Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2).

Fei .
0.24- [—ksi = 0.66 ksi OK
ksi

or w/o bonded reinforcement

0.0948 Fei ksi
. « | —-KS1
min ksi =0.2ksi OK

0.200-ksi

AT Shipping

Per standard specs 6-02.3(25)M, girder support during shipping shall meet these requirements
unless otherwise shown in the plans:

Series W42G and W50MG and all bulb tee girders 3-ft
Series W58G 4-ft
Series W74G 5-ft
Series W83G and W95G 8-ft

Assume shipping support from the either end of girder,  xg:= 5-ft

Moment due to weight of girder at harping point, which is the critical section,
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GL 1 2 3.
Mg = wg-T-(xh + P2 - xg) - E-Wg-(xh + P2) Mgp = 1.489x 107 kip-ft

Prestress loss (per BDM 6.2.3.C and design memo), LOSS; == 0.75- Aty LOSSg = 36.904 ksi
For straight strands at shipping,

Pgs = Ny Ap(fj — LOSSy) P, = 934.294 kip

For harped strands at shipping,
Pgh = Ni-Ap(fpj — LOSS) Py, = 575 kip
For temporary strands at shipping,

Pyt := Np Ap:(fpj — LOSS;) P, = 71.869 kip

P, := Pgs + Pgp, + Pyt Py = 1581.1kip

Two possible shipping conditions:

I. 20% Impact (dead load, up or down) (also see §5.14.1.2.1 for 50% requirement)
II. 6% superelevation of road (normally use 6%)

set se := 0.06
Bottom Flange

1. 20% Impact
At bottom of girder at shipping (impact up 20%)

0.8M,yy P —Pyg-eg — Pgh-ep + Pgrey,
= [ £ —Sj = S f, = —4.55ksi
Sbg Ag Sbg
At bottom of girder at shipping (impact down 20%)
1.2Myp, Py —Pgg-eg — Pgprep + Pgpre
( g __sj+ ss'Cs s st temp=—4.05ksi
Sbg  Ag Sbg
1. Superelevation of road

Iy = 35394-in4 approx. about weak axis (from PGSuper output)

Bottom flange width, bpf := 25-in

At uphill bottom flange of girder at shipping,

fo =—4.68ksi (governs)

. Mgy P N —Pgges — Ph-ep + Ppeemp  se-Mgp:(0.5bpg)
c— | L — -
Sbg  Ag Sbg Iy

< allowable —0.60-f'c = —5.1ksi OK
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Top Flange
L. 20% Impact
At top of girder at shipping (impact up 20%),

0.8M P Pgs-eg + Pgprep — Pgre
3 ¢h s + ssCs sh'€h st"Ctemp — 0.16ksi
Sig Ag Sig
At top of girder at shipping (impact down 20%),
-— =—0.3ksi

[ 1.2-Mgp, st , Psses + Psren — Poceiemp _

Stg Ag Stg

1I. Superelevation of road
top flange width, bf = 3.583 ft

At downhill top flange of girder at shipping,

M P Peeq + Poy-e, — Pore se-Mop (0.5-b
( gh sj N ss s sh'€h st €temp N gh( f) f, = 0.58 ksi (governs)

Stg Iy

Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension force in the
cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2),

f
0.24- ’_C..ksj =0.7ksi OK; If NG, use temporary pre- or
ksi post-tensioning.

or w/o bonded reinforcement,

f'C
0.0948- ’—-k i
min i M l=02ksi NG

0.200-ksi

tension area from top of girder,

f
X = : tf -dg x = 8.08in > 5.5 in. (thickness of top flange)
t~ Ic
total tensile force (conservative), T := ft~§~bf T = 100.5kip
2
) 1.2T .2 .2
rebar required, —— =2.01in standard plan uses 4-#6 & 2-#4, Ag = 2.16-in
y say OK
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16 Girder Stability

Deflection By,

3 2
woGL-(GL — 2-x1, 5 24 XL
By = g ( ) | =—-(GL-2:x) - —| —— By =24.5in
384-Egi Iy GL GL | GL - 2:xp.

Y
g FS =2.26 > 2 say OK (see PCI Journal, Vol. 16, No. 3, May-June 1971,

FS =
0.64~ﬁy pp- 7-9)

If NG, attach temporary lateral bracing to compression flange or provide strongbacks,
stiffening trusses, pipe frames or rigidly attached lifting yokes.

The tilt ratio, r ,, (see January 1988, Univ. of Texas at Austin report CTR 3-2-84-381-4F)

where bottom flange width, by = 25in

Ybg
0.5-bps

Iiilt = Iij) = 3.04 (tilt ratio = 3 is relatively large)

The tilt ratio is relatively large, girders shall be braced laterally to prevent tipping or buckling.

17 Deflection and Camber (§5.7.3.6.2)

17.1 Camber Induced by Prestress at Transfer (moment area method)

Moment induced by harped strands

At end,
c.g. of girder to CL of harped strands e]:= Yig — Fy e1 =6.5in
Ma = —ps¢ Ap'Np-eq M, = -338 kip-ft
At harping point,

c.g. of girder to CL of harped strands, en =34.27in

My = pst-Ap (Nh-en) My, = 1787 kip-ft

Moment induced by straight/temporary strands

At end and harping point,
c.g. of girder to CL of straight strands, eg = 34.33in
c.g. of girder to CL of temporary strands, etemp = 33.48in
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M, = Pst'Ap‘(Ns'es _ Nt'etemp) M, = 2691 kip-ft

M| = M; + My M| = 4479 kip-ft
My = Mg + M, M, = 2353 kip-ft
then, )
2
Cps = 8-(]:;];-1{;' M + w (%) Cps = 4.861in (upward)

Moment induced by due to release of temporary strands at bridge site

At end and harping point,
M = pgt-Ap (Neeemp) M, = 218.285 kip-ft
then,
2
tps = 8-?3];1?:, (M) Cyps = 0.25in (upward)

17.2 Deflection due to Dead Load

4
. 5-wg'L
girder g = T Ag=1.78in (downward)
384-Egi-lg
5-wq L
slab+pad Agp = 2. Agp=197in  (downward)
384 ) Eclg
diaphragm (AISC P.4-189, coeff. e) ecoeff = 0.05
3
ecoeff P (L) .
Agi=——— Ag=0.22in (downward)
Eclg
) S-Wb-L4
s.i.d.l Ap= ——— Ap=0.21lin (downward)
384-E¢ I,
screed setting dimension "'C" C:=Agp + Ap C =2.18in
17.3 Net Deflection at Release
Cps —Ag=3.08in + upward
17.4 Deflection at Erection
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"D" dimension (per D= |1.70-Cps — 1.75-Ag if ¢ > 7-ksi D=5.15in

BDM §6.1.8)

1.80-Cpg — 1.85-Ag otherwise (+ upward)

Excess girder camber all. for establishing '""A"" dimension D-C—Ag+ Cyps=299in

17.5 Deflection due to Live Load
The live load deflection shall be limited to (§2.5.2.6.2)

L-L: 1.981in
800

The vehicular load shall included the dynamic allowance.
The live load deflection should be taken as the larger of (§3.6.1.3.2)

That resulting from the design truck alone, or
that resulting from 25% of the design truck taken together with the design lane load

The provision of §3.6.1.1.2 (multiple presence of live load) shall applied.
For a multi-girder bridge, the deflection shall be taken as deflection per lane times the number of lanes
divided by the number of girders (§C2.5.2.6.2).

Estimate max. live load deflection at midspan with heavy truck axles closely spaced and centered in span.

For 2 heavy truck axles, P := 32-kip
L
a=——"Tft a=>58875ft
2
P
A= — (30242 A;=086in  (AISC 2nd ed. p. 4-192)
24-E. 1
For 8 kip axle P := 8-kip
use moment area method a:= L_ 21-ft a=44875ft b=L-a
2
M = @ M = 2841kip-in max. moment
M L .. .
My, = = My, = 2154 kip-in moment at midspan
L-a?2
1 a 1
5 M-a (25) + EMb(a + g)
Rp = 0 R =1.003 x 106kip-in2
Deflection at midspan
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Rl 1 LL
A F2 2 a4 Ay =0.08i
= = V. m
2 E. I, 2
Then, Apg0 = A1+ Ap Aps20 =0.93in per lane
NL

Deflection due to design truck alone (per girder + Ahg20 = Apgo-— (1 + IM)
Nb

impact), (ignore multiple presence factor)

1
if(%-L > Ape0."OK" "NG") ="QK" where Aps20 = 0.741n

Deflection due to lane load

4
A > WaneT A 0.721i per lane
= o =0.721in
e = 384 el lane
Ny, )
Alane = Alane— Ajane = 0.431in per girder

Np
Deflection due to 25% truck + lane 0.25-Ahs00 + Alane = 0.621n

1
lf(%L > 025Ah820 + A]ane; "OKH , "NG") — uOKn

18 Detail of Reinforcement

18.1 Min. spacing of prestressing tendons (§5.10.3.3.1)

The clear distance between pretensioning strands, including shielded ones, at the end of a member with the
development length, for each strand shall not be less than:

3.0-dy
ma =1.8in
1.33-(0.375-in)

where the nominal diameter of the strands, dp =0.6in

and max. size of the aggregate is 0.375 in

The clear distance between strands at the end of a member may be decreased, if justified by performance
tests of full-scale prototypes of the design.

Clear spacing used in design,

2-in — dp = 1.4in say OK
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Design Example 2 Cast-in-Place Concrete Slab Design

1 Structure

Design span L := 113.911-ft

Roadway width ~ BW := 25.ft barrier face to barrier face
Girder spacing S = 6.75-ft

Skew angle 6 := 14.96-deg

no. of girder Np =4

curb width on cw = 11.5:in

deck,

_ BW - (Np-1)-8
Deck overhang (centerline of overhang:= ——————— +cw overhang = 3.333ft
exterior girder to end of deck)
2 Criteria and assumptions
2.1 Design Live Load for Decks

(§3.6.1.3.3, not for empirical design method) Where deck is designed using the
approximate strip method, specified in §4.6.2.1, the live load shall be taken as the wheel
load of the 32.0 kip axle of the design truck, without lane load, where the strips are
transverse.

if (S < 15-ft,"OK" ,"NG") = "OK" (§3.6.1.3.3)

The design truck or tandem shall be positioned transversely such that the center of any
wheel load is not closer than (§3.6.1.3.1)

for the design of the deck overhang - 1 ft from the face of the curb or railing , and

for the design of all other components - 2 ft from the edge of the design lane.

(§3.6.1.3.4) For deck overhang design with a cantilever, not exceeding 6.0 ft from the
centerline of the exterior girder to the face of a continuous concrete railing, the wheel loads
may be replaced with a uniformly distributed line load of 1.0 KLF intensity, located 1 ft
from the face of the railing.

if (overhang — cw < 6-ft,"OK","NG") = "OK"

Horizontal loads on the overhang resulting from vehicle collision with barriers shall be
considered in accordance with the yield line analysis.

2.2 Dynamic Load Allowance (impact)
IM =033 (§3.6.2.1)

2.3 Minimum Depth and Cover (§9.7.1)

slab design thickness tg] := 7-in
for D.L. calculation tg2 := 7.5-in
min. depth if (ts1 > 7.0-in,"OK" ,"NG") = "OK"
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top cover for epoxy-coated main reinforcing steel = 1.5 in. (up to #11 bar) (§5.12.4 & Table 5.12.3-1)
bottom concrete cover (unprotected main reinforcing) = 1 in. (up to #11 bar)
sacrificial thickness = 0.5 in. (§2.5.2.4)

2.4 Skew Deck (§9.7.1.3)

0 <25-deg=1 it true, the primary reinforcement may be placed in the direction of the skew;
otherwise, it shall be placed perpendicular to the main supporting components.

3 Material Properties

3.1 Concrete

fo:=4ksi  Use CLASS 4000D for bridge concrete deck (BDM 5.1.1)

f
f, == 0.24- /k—c,ksi fo= 048ksi  (§5.4.2.6)
S1

we = 0.160-kcf
1.5
We fc . 3 .
Ec := 33000 — | - [—"ksi Ec = 4.224107 -ksi (§5.4.2.4)
kef ksi

3.2 Reinforcing Steel (§5.4.3)

fy = 60-ksi Eg := 29000-ksi

4 Methods of Analysis

Concrete deck slabs may be analyzed by using

Approximate elastic methods of analysis, or
Refined methods of analysis, or
Empirical design.

Per office practice, concrete deck slab shall be designed and detailed for both empirical
and traditional design methods.

5 Empirical Design (§9.7.2)

5.1 Limit States (§9.5.1)

For other than the deck overhang, where empirical design is used, a concrete deck maybe
assumed to satisfy service, fatigue and fracture and strength limit states requirements.

Empirical design shall not be applied to overhangs (§9.7.2.2).

5.2 Design Conditions (§9.7.2.4)
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For the purpose of empirical design method, the effective length S ¢ shall be taken as (§9.7.2.3),

web thickness by = 6-in
top flange width bf := 25-in bf = 25in
Seff := S —bf+ 5 Seff = 5.46ft

Seff Seff
if| 18.0 > —— > 6.0,"0OK","NG" | = "OK" = = 9357

ts1 &1
core depth if (ts2 = 2.5-in — 1-in > 4-in,"OK" ,"NG") = "OK"
if (Seff < 13.5-ft,"OK","NG") = "OK"
if (overhang > 3-t51,"OK" ,"NG") = "OK" overhang = 40in 3-tg] = 21in

if (¢ > 4ksi,"OK","NG") = "OK"
a structurally continuous concrete barrier is made composite with the overhang,

Composite construction for steel girder (N/A)

A minimum of two shear connectors at 2 ft centers shall be provided in the M- region of continuous
steel superstructures.

5.3 Optional deflection criteria for span-to-depth ratio (LRFD Table 2.5.2.6.3.1)

Min. Depth (continuous span) where Seff = 5.458ft (slab span length):
if | max 30 < tg,"OK","NG" | = "OK" max 30 = 6.5in
0.54-ft 0.54-ft

5.4 Reinforcement Requirement (§9.7.2.5)
Four layers of reinforcement is required in empirically designed slabs.
The amount of deck reinforcement shall be (§C9.7.2.5)
0.27 in%/ft for each bottom layer (0.3% of the gross area of 7.5 in. slab)
0.18 in%/ft for each top layer (0.2% of the gross area)

Try #5 @ 14 in. for bottom longitudinal and transverse, 0.31-in- 14' .t — 0.27in° per ft
-1n
. S .2 I-ft .2
#4 @ 12 in. for top longitudinal and transverse. 0.2-in"- e 0.2in per ft
-1n

Spacing of steel shall not exceed 18 in.
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if(6 > 25-deg,"OK" ,'NG") = "NG" if OK, double the specified reinforcement in the end
zones, taken as a longitudinal distance equal to S

6 Traditional Design
6.1 Design Assumptions for Approx. Method of Analysis (§4.6.2)

Deck shall be subdivided into strips perpendicular to the supporting components (§4.6.2.1.1).
Continuous beam with span length as center to center of supporting elements (§4.6.2.1.6).
Wheel load may be modeled as concentrated load or load based on tire contact area.

Strips should be analyzed by classical beam theory.

6.2 Width of Equivalent Interior Strip (§4.6.2.1.3)

Strip width calculations are not needed since live load moments from Table A4-1 are used.

Spacing in secondary direction (spacing between diaphragms):
Lq:=— Lg = 37.97ft

Spacing in primary direction (spacing between girders):

S =6.75ft

L L
Since if(?d > 1.50,"OK" ,"NG") = "OK" , where ?d =5.63 (§4.6.2.1.5)

Therefore, all the wheel load shall be applied to primary strip. Otherwise, the wheels
shall be distributed between intersecting strips based on the stiffness ratio of the strip to
sum of the strip stiffnesses of intersecting strips.

6.3 Limit States (§5.5.1)

Where traditional design based on flexure is used, the requirements for strength and service
limit states shall be satisfied.

Extreme event limit state shall apply for the force effect transmitted from the bridge railing to
bridge deck (§13.6.2).

Fatigue need not be investigated for concrete deck slabs in multi-girder applications (§5.5.3.1).

6.4 Strength Limit States
Resistance factors (§5.5.4.2.1)
of:=0.90 for flexure and tension of reinforced concrete
¢y :=0.90 for shear and torsion

Load Modifier
np = 1.00 for conventional design (§1.3.3)

nR = 1.00 for conventional level of redundancy (§1.3.4)
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Ny = 1.00 for typical bridges (§1.3.5)

N = ma{(nD'nR'mD n=1 (81.3.2)
0.95

Strength I load combination - normal vehicular load without wind (§3.4.1)

Load factors (LRFD Table 3.4.1-1&2):

Yp = 1.25 for component and attachments
v = 175 for LL
Multiple presence factor (§3.6.1.1.2):
M; =1.20 1 truck
My := 1.00 2 trucks
M3 = 0.85 3 trucks (Note; 3 trucks never control for girder spacings

up to 15.5 ft, per training notes)
6.4.1 Moment Force Effects Per Strip (§4.6.2.1.6)

The design section for negative moments and shear forces may be taken as follows:
Prestressed girder - shall be at 1/3 of flange width < 15 in.
Steel girder - 1/4 of flange width from the centerline of support.

Concrete box beams - at the face of the web.
web thickness bw = 6in

top flange width bf = 25in

Design critical section for negative moment and shear shall be at d, (§4.6.2.1.6)
bf .
de = min(— 15-inD dc = 8.33in from CL of girder (may be too
3 conservative, see training notes)
Maximum factored moments per unit width based on Table A4-1: for S =6.75ft
(include multiple presence factors and the dynamic load allowance)
applicability if [min((0.625-S 6-ft)) = overhang — cw,"OK" ,"NG"] = "OK"

if (Np = 3,"0K","NG=") = "OK"

kip-ft
M :=5.10
LLp fit
kip-ft .
MlIn = 4.00~f— (max. -M at d, from CL of girder)
t
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Dead load moment (STRUDL s-dl output)
kip-ft

Mpcp = 0.56-f— (max. +M, conservative)
t
- d
MpCp = 0.008-m (max. -M at d, at interior girder, =< -0.103
ft conservative) S
Factored positive moment per ft
kip-ft
Myp = T]'(Yp'MDCp + YL'MLLp) Myp = 9-62T
Factored negative moment
kip-ft
Mun = 1"(Yp"MDCn + YL.-MLLn) Mun = 7.01 ==

6.4.2 Flexural Resistance

Normal flexural resistance of a rectangular section may be determined by using equations
for a flanged section in which case b,, shall be taken as b (§5.7.3.2.3).

fio — 4.0-ksi
B1 := if| fi¢ < 4-ksi,0.85,0.85 - 0.05.] ————— B = |B; if By =065
1.0-ksi
0.65 otherwise
By =085 (85.7.2.2)
6.4.3 Design for Positive Moment Region
assume bar #  barp =5
dia(bar) := |0.5-in if bar = 4
0.625-in if bar = 5
0.75-in if bar = 6
dia(bar )
dp =t —1~in—Tp dp = 5.7in
0.85-f'¢-ft 2-Myp- ft
Ag = ———ldy - a7 - ——2 Ag = 04in>  perft
fy 0.85- fc-ft
use (bottom-transverse) # barp = 5 sp = 9-in (max. spa. 12 in. per BDM
memo)
Ap(bar) = 0.20~in2 if bar = 4
0.31in” if bar = 5
0.44-in2 if bar = 6
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1-ft .2
Asp = Ab(barp)g Asp =0.41in per ft

Check max. reinforcement (§5.7.3.3.1)

The max. amount of prestressed and non-prestressed reinforcement shall be such

that
where de = dp
Agp
c = — Py ¢ =0.72in
0.85-B1-fc-1-ft
[ c c
if| — £0.42,"0K","NG" | = "OK" — =10.126
de de

The section is not over-reinforced. Over-reinforced concrete sections shall not be
permitted.

Check min. reinforcement (§5.7.3.3.2),

1
if (Myp-ft > 1.2-M¢r,"OK" ,"NG") = "OK"

6.4.4 Design for Negative Moment Region

assume bar #  barp =5

dia(barn)
dy = tg1 —2.0-in — T dp = 4.69in
0.85-fc-ft 2-Myp-ft
Agim —— g~ g, 2o S A = 0.35in° per ft
fy 0.85-0¢-fe-ft
use (top-transverse) bar #  bar, =5 sp == 9-in (max. spa. 12 in. per BDM
memo)
1-ft
Asn = Ab(barn)'_ Asn = 041 1n2 per ft
Sn

The max. amount of prestressed and non-prestressed reinforcement shall be such
that

where de :=dp

Asn' fy

ci=— ¢ =0.72in
0.85-B1-fc-1-ft
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lf i < 0-42’HOKH ,HNGH — ”OK” i = 0.153
de de

The section is not over-reinforced. Over-reinforced reinforced concrete sections
shall not be permitted.

1
if (Myp-ft > 1.2-Mcr,"OK" ,"NG") = "OK"
6.5 Control of Cracking by Distribution of Reinforcement (§5.7.3.4)

Service I load combination is to be considered for crack width control (§3.4.1).
Combined limit state load modifier (§1.3.2)
ng =1

Load factors (LRFD Table 3.4.1-1):

¥p = 1.00 for component and attachments
YL, = 1.00 for LL
Mgp = N (Yp-MpCp + Y- MLLp) Msp = 566 kifpt~ft
Mgy = ns'(Yp‘MDCn +YL-MLLn) Msn = 4.01 kigft
Asp _ A
PP = 4 12in P 4o 12n

E
n:= E_S n=6.866 n:=max[[ceil((n-0.495)) 6]]
c

set n = 7 (round to nearest integer, §5.7.1, not less than 6)

2

k(p) =y (p-n)"+2:pn—p-n k(pp) = 0.252

. k .

ilp) = 1——(3p) i(pp) = 0.916
Mgy ft

fea : P foa = 31.54ksi

) Aspi(Pp)-dp

Zp = 170~.—p crack width parameter in moderate exposure condition
m
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Zy = 130 —10 crack width parameter in severe exposure condition

m

for barp = 5 sp = 9in
dia(barp)
d¢ == (1'in) + ———— dc = 1.3in (clear cover used to compute d. should
not be taken grater than 2 in., OK)
.2
A =2:(dc)-sp A =23.63in
Zp Zp
1 1
if | min 3 | |2 fs,"OK","NG" | = "OK"  where min 3 | | =36ksi
(dea)® |7 (de-)”
0.6-fy 0.6-fy
k(pp) = 0.252 i(pn) = 0916
Msn‘ft
fsa = — fsa = 271kSl
Asn'j (Pn)‘dn
for bary = 5 sp = 9in
dia(barn)

d¢ :=2in+ —— dc = 2.31in (clear cover used to compute d. should
not be taken grater than 2 in., OK)
.2

A =2:(dc)sn A =41.63in

Zn Zn
1 1
if| min 3 2 fga, "OK","NG" | = "OK" where min 3 = 28.4ksi
(ae)® || ()
0.6-fy 0.6-fy
Say OK
6.6 Shrinkage and Temperature Reinforcement (§5.10.8.2)
For components less than 48 in. thick,
where Ag =t It
Atem = 0.11- Atem = 0.17in per ft
fy
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The spacing of this reinforcement shall not exceed 3-ts1 = 21in or 18 in (per BDM memo 12 in.)
top longitudinal - bar :=4 s:= 12-in Ag = Ab(b.ar)~1Tft Ag = 0.2in° perft  OK
6.7 Distribution of Reinforcement (§9.7.3.2)
The effective span length S ¢ shall be taken as (§9.7.2.3):
Seff = 5.458ft

For primary reinforcement perpendicular to traffic:

220
67 percent = 67

percent := min
Seff

ft

Bottom longitudinal reinforcement (per BDM memo < slab thickness): ts2 = 7.5in

percent .2
= . Ag = 0.28in er ft
s 100 sp S p
. 1-ft .2
usebar# bar:=4 s:=75in Ag = Ap(bar)-—  Ag = 0.32in per ft OK
s

6.8 Maximum bar spacing (§5.10.3.2)

Unless otherwise specified, the spacing of the primary reinforcement in walls and slabs shall not
exceed 1.5 times the thickness of the member or 18 in.. The maximum spacing of temperature
shrinkage reinforcement shall be as specified in §5.10.8.

1.5-t; = 10.5in OK

6.9 Protective Coating (§5.12.4)

Epoxy coated reinforcement shall be used for slab top layer reinforcements except when the
slab is overlaid with asphalt.

7 Slab Overhang Design

(§3.6.1.3.4) Horizontal loads resulting from vehicular collision with barrier shall be considered in

accordance with the provisions of LRFD Section 13.
(8§13.7.3.1.2) Unless a lesser thickness can be proven satisfactory during the crash testing
procedure, the min. edge thickness for concrete deck overhangs shall be taken as 8 in. for

concrete deck overhangs supporting concrete parapets or barriers.

7.1 Applicable Limit States (§5.5.1)

Where traditional design based on flexure is used, the requirements for strength and service
limit states shall be satisfied.
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Extreme event limit state shall apply for the force effect transmitted from the bridge railing to
bridge deck (§13.6.2).

7.2 Strength Limit state

Load Modifier

np = 1.00 for ductile components and connections (§1.3.3 & simplified)

MR := 1.00 for redundant members (§1.3.4)

np = 1.00 for operationally important bridge (§1.3.5)

N = max((nD'anD n=1 (§1.3.2)
0.95

Load factors (LRFD Table 3.4.1-1):

Yp =125 for component and attachments

vL = 1.75 for LL

7.3 Extreme Event Limit State II

Extreme event limit state shall apply for the force effect transmitted from the vehicular

collision force.

Load Modifier
np = 1.00 (8§1.3.3)

NR =100  (§1.3.4)
np=100  (§1.3.5)

Ne = max(nD'nR'mD e = 1 (§1.3.2)
0.95

Load factors (LRFD Table 3.4.1-1):
Yp = 1.25 for component and attachments

Yot = 1.00 for collision force

7.4 Vehicular Collision Force (§13.7.2)

Railing test level TL-4 applies for high-speed highways, freeways, and interstate highways
with a mixture of trucks and heavy vehicles.
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The transverse and longitudinal loads need not be applied in conjunction with vertical loads (§A13.2).
Design forces for railing test level TL-4 (LRFD Table A13.2-1),

transverse Ft := 54-kip
longitudinal FL := 18-kip
vertical (down) Fy := 18-kip

Effective Distances:

transverse Lt := 3.50-ft
longitudinal Lp = 3.50-ft
vertical Ly = 18-ft
Min. design height, H, 32 in. (LRFD Table A13.2-1) use H := 34-in

7.5 Design Procedure (§A13.3)

Yield line analysis and strength design for reinforced concrete may be used.

7.6 Nominal Railing Resistance (§A13.3)
For single-slope barriers, the approximate flexural resistance may be taken as:
Flexural capacity about vertical axis,
kip-ft

My = 18.5——
W ft

Additional flexural resistance of beam in addition to M,, , if any, at top of wall,
My := 0.00-kip-ft

Flexural capacity about horizontal axis,

Kip-ft
M, o= 17.1.—22
fit

Critical wall length, over which the yield mechanism occurs, L, , shall be taken as:

P
L [(L)” 8H(Mp+MyH
Le=m— 4 || —| + ( wH) L = 1027t

For impact within a barrier segment, the total transverse resistance of the railing may be taken
as:

2
Re = [—2— || 8-Mp + 8- My 1 4+ e Le Ry = 123.93ki
w - 2 Le—Ly b w H w . p

7.7 Design Load Cases (§A13.4.1)
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Case 1
Transverse and longitudinal forces at extreme event limit state.
Resistance factor (§A13.4.3.2) 0:=1.0

(§C13.7.3.1.2) Presently, in adequately designed bridge deck overhangs, the major
crash-related damage occurs in short sections of slab areas where the barriers is hit.

a. at inside face of parapet

min((Ry 1.2:F¢))-H

My = moment capacity of the base of the parapet (see memo),
(Lc +2-H)
kip-ft
Mg = 11522
ft
Mpca = 0.55- Kip-ft DL M- at edge of curb (see — ¥ 0287
ft s-DL STRUDL output), overhang
design moment
kip-ft
My = ne(YpMDCa + YCT-Ms) My = 122=—

(§A13.4.2) Deck overhang may be designed to provide a flexural resistance, M ;, which
is acting in coincident with tensile force, T (see memo),

T = min((Ry_1.2F¢))-f T = 4.07kip per ft
(Lc +2:H)

min. "haunch+slab" dimension, A := ty + 0.75-in A = 8.25in

d,, flexural moment depth at edge of curb,

assume bar #  barg = 5

A —17-i dia( bar,
dg = [7in+ ———"2_cw —2.5-in—M dg = 4.7in
overhang — 0.5-bf
A, required for M, and T,
0.85-fc-ft 2-My-ft T
Agim — g = a0 |2 Ag = 0.64in” perft (1)
fy 0.85-0-fc-ft | fy

Check max. reinforcement (§5.7.3.3.1)

The max. amount of prestressed and non-prestressed reinforcement shall be such
that
where d, de = dg de = 4.7in
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=— c=lin
0.85-B e 1-ft
. C [¢
if| — <042,"0K","NG" | = "OK" — =0.209
de de

The section is not over-reinforced. Over-reinforced reinforced concrete sections
shall not be permitted.

b. at design section in the overhang

Design critical section for negative moment and shear shall be at d,, (§4.6.2.1.6)

b
dlp = min((—f 15~inD dc = 8.33in from CL of girder (may be too
3 conservative, see training notes)

At the inside face of the parapet, the collision forces are distributed over a distance
L. for the moment and L, + 2H for the axial force. Similarly, assume the distribution
length is increased in a 30 degree angle from the base of the parapet,

Collision moment at design section,

= Mse = 9.69_
Le+ 2-0.577-(0verhang —CW — dC) ft

Mge :

dead load moment @ d. from CL of exterior girder (see s-slab.gts STRUDL output)

kip- ft
Mpch := 1.90-—2
ft
design moment
kip-ft
My = ne(YpMDCb + YT Mse) My = 12.07==
(§A13.4.2) design tensile force, T,
min(( Ry 1.2-F¢))-ft
= ((Rw ) T = 3.63kip per ft
[ Lc+2-H +2:0.577-(overhang — cw — dc) |

d,, flexural moment depth at design section in the overhang.

dia( bar
dg = A—z.s-in—M dg = 5.4in

A, required for M, and T,
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0.85-fc-ft 5 2Myft T 5
—— | dy— [d{ ———— |+ — = 0.53in per ft (doesn't control) 2)
fy 0.85:0-fcft ) fy

c. at design section in first span

(see training notes) The total collision moment can be treated as an applied moment at the end of a
continuous strip and the ratio of the moment M2/M1 can be calculated for the transverse design strip.

As an approximation, it can be taken equal to the ratio of the moments produced by the parapet self
weight at the centerline of the first and second girder. The collision moment per unit width at the section
under consideration can then be determined using the 30° distribution. Dead load at this design section
can be determined by interpolation between dead moments at Centerline of girder and at 0.1S.

kip-ft

Collision moment at exterior girder, Mg = 11.52 ;
t

Collision moment at first interior girder (see s-slab.gtb output, barrier loading only),
0.34 kip- ft

Mpj = Mg —— Mpj = 2.33——
2 5 1.68 & ft

By interpolation for a section in the first bay at d, from the exterior girder,

Mg + Mpj kip-ft
M = Ms_dc'—s S : Mg = 10.1—?t

Using the 30° angle distribution, design moment

Msi-Le kip-ft
MSi = MSi =751——
Lc +2:0.577-(overhang — cw + d) ft
dead load moment @ this section (see s-dl.gtb output) % 0103
S .
kip-ft
Mpcj = 2.0-—1p
ft
design moment
kip-ft
My = e (Yp"MDCi + YT Msi) My = 1001 =
d,, flexural moment depth at the design section,
dia(baro)
dg := tg1 —2.0-in — T dg = 4.69in
A, required for M,
0.85-f'c-ft 2 2-My-ft 2 ,
—— | dy— |dy ——— | = 0.46in per ft (doesn't control) 3)
fy 0.85-¢-fc-ft
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Case 2 Vertical collision force

For concrete parapets, the case of vertical collision never controls.

Case 3 Check DL + LL

Resistance factor (§1.3.2.1) 0f:=09

For deck overhangs, where applicable, the §3.6.1.3.4 may be used in lieu of the equivalent strip
method (§4.6.2.1.3).

a. at design section in the overhang

moment arm for 1.0 kip/ft live load (§3.6.1.3.4)
x = overhang — cw — 1-ft — d¢ x = 8.17in

live load moment without impact,

ki
P l.Ov—p
ft
kip-ft
ML = M]-wL-x Mip = o.ngL
t
factored moment
kip-ft
My = 1 ¥pMDCh + YL MLL-(1.0+ M) | My = 4.28 ft
d,, flexural moment depth at edge of curb,
dia(baro)
dy = A=2.5in-——— dg = 5.44in
A, required for M,
0.85-f'c-ft 2 2-My-ft 2 .
——|dgy— |[dy ——— | = 0.18in per ft (doesn't control) @)
fy 0.85-0pf'c-ft

b. at design section in first span

Assume slab thickness at this section, tg] = 7in

use the same D.L. + L.LL. moment as in previous for design (approximately)

factored moment My = 4.28 —kl?ﬁ
t
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d,, flexural moment depth at edge of curb,

dia(baro)
ds = ts] = 2.0in - ——— ds = 4.7in
A, required for M,
——|dg- |d - ———— | = 021in (doesn't control) (®)]
fy 0.85-0p fc-ft

The largest of (1) to (5), As required, Ag = 0.64 in2 per ft

use bar # baro =5 @ s:=18-in (top transverse) at edge of curb, bundle 1 #5 to
. every other top bar in the deck overhang region
barp, = 5 Sp = 9in
1-ft 1-ft
As 1= Ap(baro)-— + Ap bary)- — As=062in"  say OK
S Sn

Check max. reinforcement (§5.7.3.3.1)

The max. amount of prestressed and non-prestressed reinforcement shall be such

that
. dia( bar
Where min. de de = tsl — 201n — % de =47in
Aq-f
cm—>Y ¢ = 1.07in
0.85-B-fe- 1-ft

[ c c
if| — £042,"0K" ,"NG" | = "OK" — = 0.229

de de

The section is not over-reinforced. Over-reinforced reinforced concrete sections
shall not be permitted.

Determine the point in the first bay of the deck where the additional bars are no longer needed,

1-ft
As = Ap(bary) — Ag = 0.41in>

Sn

Agf
c:= — 5y ¢ =0.7in
0.85-B-fc- 1-ft
dia(barn)
de := tg1 —2.0-in — 5 de = 4.7in
a:=f-c a=006in
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For the strength limit state,

Meap = O As-fy- (de - %) Meap = 8.15kip-fi per ft
For the extreme event limit state,
Meap = ¢~As~fy‘(de - gj Meap = 9.06kip-fi per ft

By inspection of (1) to (5), no additional bar is required beyond design section of the first bay.

Cut off length requirement (§5.11.1.2)
15-dia(baro) = 0.781ft  (controls by inspection)

8 Reinforcing Details
8.1 Development of Reinforcement (§5.11.2.1.1)

basic development length for #11 bar and smaller,

1.0-ft

1.25- Ap-fy+/ksi
Ldb(db ,Ab) = max in- ksi~\/f_c
f

y
0.4-dp-—
b ksi

For #5 bars, Ldb(0.625-in,0.31~in2) = 15in
For #6 bars, Ldb(0.75-in,0.44~in2) = 18in
For epoxy coated bars (§5.11.2.1.2),

with cover less than 3d, or with clear spacing less than 6d,, .......... times 1.5

not covered above ...... times 1.2

For widely spaced bars..... times 0.8 (§5.11.2.1.3)

bars spaced laterally not less than 150 mm center-to-center, with not less than 75 mm
clear cover measured in the direction of spacing.

For bundled bars..... times 1.2 for a three-bar bundle (§5.11.2.3)

Lap Splices in Tension (§5.11.5.3.1)
The length of lap for tension lap splices shall not be less than either 300 mm or the following for
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Class A, B, or C splices:

Class A splice ........ times 1.0
Class B splice ........ times 1.3
Class C splice ........ times 1.7

Flexural Reinforcement (§5.11.1.2)
Except at supports of simple-spans and at the free ends of cantilevers, reinforcement
shall be extended beyond the point at which it is no longer required to resist flexure for
a distance not less than:

the effective depth of the member,
15 times the nominal diameter of bar, or
1/20 of the clear span.

No more than 50% of the reinforcement shall be terminated at any section, and adjacent
bars shall not be terminated in the same section.

Positive moment reinforcement (§5.11.1.2.2)
At least 1/3 the positive moment reinforcement in simple-span members, and 1/4 the
positive moment reinforcement in continuous members, shall extend along the same face
of the member beyond the centerline of the support. In beams, such extension shall not
be less than 150 mm.

Negative moment reinforcement (§5.11.1.2.3)

At least 1/3 of the total tension reinforcement provided for negative moment at a support shall

have an embedment length length beyond the point of inflection (DL + LL) not less than:

the effective depth of the member, d
12.0 d;, and

0.0625 times the clear span.

Moment resisting joints (§5.11.1.2.4)

In Seismic Zones 3 and 4, joint shall be detailed to resist moments and shears resulting from

horizontal loads through the joint.

Q.E.D.
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Design Example 3 Precast Slab Design Stay-In-Place (SIP) Deck Panel

Design Criteria
Loading: HL-93

Concrete:
SIP Panel, f'oi == 4.0-ksi
fo =5.0ksi (f'ci + 1 ksi)
CIP slab, fos = 4.0-ksi

Reinforcing Steel: (§5.4.3)
AASHTO M-31, Grade 60, f,:=60'ksi Eg:=29000ksi
Prestressing Steel:
AASHTO M-203, uncoated 7 wire, low-relaxation strands (§5.4.4.1)
Nominal strand diameter, db :=0.375-in  Ap := 0.085:in2
(Trends now are toward the use of 3/8in. diameter strand, per PCI J., 33(2), pp.67-109)

fou = 270ksi
foy = 0.90-f,, fy = 243 ksi
fpe = 0.80-f,y foe = 194.4 ksi @ service limit state after all losses

(LRFD Table 5.9.1-1)
E, := 28500 ksi
Design Method: LRFD 27 Edition

Mechanical shear ties on the top of panels are not required per PCI, special report, PCI J.,
32(2), pp. 26-45.

Structure:
Design span L:=89.07-ft
Roadway width BW 53.0-ft barrier face to barrier face
Girder spacing S :=6.75-1t
Skew angle 0 := 14.65-deg
no. of girder Np =8
curb width on deck, cw = 10.5'in

Deck overhang (CL. of exterior overhang = BW — (Nb - 1)‘ S
girder to end of deck) 2

slab design thickness  ts1 := 8.0-in
for D.L. calculation t2 :=8.5'in

+cw overhang = 3.75ft

Panel dimensions: Wip := 8.0t Lgp = 6.34-1t tsip == 3.5°in

CIP composite slab: tesl = tel—tgip tes]l = 4.51n (used for structural design)
tes2 = te2—tgip tes2 = Sin (actual thickness)
we := 0.160-kef

future wearing surface tys := 0-in
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Minimum Depth and Cover (§9.7.1)
Min. Depth if(ts; > 7.0-in, "OK", "NG") = "OK"
Min. SIP thickness  if(0.55:t; > tgi, > 3.5:in, "OK", "NG") = "OK"

top cover for epoxy-coated main reinforcing steel
= 1.5in. (up to #11 bar)

= 2.0in. (#14 & #18 bars) (§5.12.4 & Table 5.12.3-1)

sacrificial thickness = 0.51n. (§2.5.2.4)

Opitional deflection criteria for span-to-depth ratio (LRFD Table 2.5.2.6.3.1)
Min. Depth (continuous span) where S = 6.75ft  (slab span length):

S+10-ft S+10-ft
if | max 30 <ts1,"OK","NG" |="OK" max 30 =6.7in
054 -ft 0.54 - ft

Skew Deck (§9.7.1.3)

0 <25-deg=1 it true, the primary reinforcement may be placed in the direction
of the skew; otherwise, it shall be placed perpendicular to the main
supporting components.

Loads
The precast SIP panels support their own weight, any construction loads, and the weight of the

CIP slabs. For superimposed dead and live loads, the precast panels are analyzed assuming that
they act compositely with the CIP concrete.

Dead load per foot .
SIP panel Wsip := Lsip"We Wsip = 0.047T12p
kip
CIP slab Wes = teg Woe Wes = 0'067ft_2
. . kip
Weigth of one traffic barrier is tb == 0.52-ft—2
. . . . kip
Weigth of one sidewalk is tside := 0.52f>
Wearing surface & construction loads .
wearing surface Wy 1= tysweft Wys = O%

: kip
construction load Weon == O.OSO-T,[ (§9.7.4.1)
(applied to deck panel only)

Live Loads

(§3.6.1.3, not for empircial design mthod) Where deck is designed using the approximate strip
method, specified in §4.6.2.1, the live load shall be taken as the wheel load of the 32.0kip axle of
the design truck, without lane load, where the strips are transverse.

if (S < 15-ft, "OK", "NG") = "OK" (§3.6.1.1.1.2)
Multiple presence factor: M1 :=1.2 M2 :=1.0 (§3.6.1.1.1.2)
Dynamic Load Allowance (impact) IM :=0.33 (§3.6.2.1)
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Maximum factored moments per unit width based on Table A4-1: for S=2.057m
(include multiple presence factors and the dynamic load allowance)

applicability  if [min((0.625-S 6-ft)) > overhang - cw, "OK", "NG"] = "OK"
if (Nb 2 3, "OK"’ IINGH) — "OK"
kip-ft
ft

Mrrp:=5.10-

(§3.6.1.3.4) For deck overhang design with a cantilever, not exceeding 6.0ft from the centerline
of the exterior girder to the face of a continuous concrete railing, the wheel loads may be
replaced with a uniformly distributed line load of 1.0 KLF intensity, located 1ft from the face of
the railing.

if (overhang - cw < 6-ft, "OK", "NG") = "OK"
Load combination

Where traditional design based on flexure is used, the requirements for strength and service limit
states shall be satisfied.

Extreme event limit state shall apply for the force effect transmitted from the bridge railing to
bridge deck (§13.6.2).

Fatigue need not be investigated for concrete deck slabs in multi-girder applications (§5.5.3.1).

Strength Limit States

Load Modifier
nD =1.00 for conventional design (§1.3.3)
nR :=1.00 for conventional level of redundancy (§1.3.4)
nl :=1.00 for typical bridges (§1.3.5)

D-nR-nl
1 :=max ([%B n=1 (§1.3.2)

Strength I load combination - iormal vehicular load without wind (§3.4.1)
Load factors (LRFD Table 3.4.1-1 & 2):

vp = 1.25 for component and attachments
yDW = 1.50 for DW
yL:=1.75 for LL
Section Properties
Non-composite section per foot
Asip = tsip'12-in Asip = 42in”
3
12-in-tgj
Iip = ———— lip = 42.875in"
12
tsip i
Ypp = T Ypp = 1.75in
I51p Isip
Yip :=tip— Yb Stp = — Stp = —
p P P P Ytp P pr
Yip = 1.75in Sip = 24.5in Sbp = 24.5in
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1.5
We fc
E¢ = 33000:| — - [ —ksi
kef ksi
1.5
We fei
E¢j := 33000:| — - [ —-ksi
kef ksi

Composite Section Properties (§4.6.2.6)

1.5
We fes
Ecs := 33000 — | - [— ksi
kcf ksi
. fc
modular ratio, n:= |—
f|CS

b := 12-in

b
Aglab = —tesl
n

CIP slab

SIP panel

Ee = 4723 % 10°ksi (§5.4.2.4)

Eci = 4.224 % 103 ksi

ECS:4
n=1.1
tesl

Yps = tsip + —
S sip >

Area

.2
Aglap = 48.3in

Asip = 42in2

B Aslab Ybs + Asip: Ybp

Yp :
Aglab + Asip

Yt = tsip— Yb

Yis == tsip + tes1 — Yb

tesl
Islabe == Aslab| Yis — T

b 3
2 (_j'tcsl
n
+—

12

2
Ipc = Asip'(Yb - pr) + Lsip

Ie = Islabe + Ipc

Section modulous of the composite section

I

Sp = Y—C Sp = 124.39in°
b

Ie 3.3
Spi= —— S¢=1.242x 10" in

|Y{

I
Sis = n-Y—C Sis = 131.6in°
ts

224 10" ksi (§5.4.2.4)

18

AYps = Aglab Ybs

Yb A-Yp
. .3
Yps = 5.751in Aglab' Yps = 277.7in

Yp = 3.89in @ bottom of panel

Y¢ = -0.39in @ top of panel

Yis = 4.11in @ top of slab

Islabc = 248.687 1n4
.4
Ipe = 235.131in

Io = 483.818in"

@ bottom of panel

@ top of panel

@ top of slab
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Required Prestress

Assume the span length conservatively as the panel length, Lgip = 1.932m
. ‘.
Mgip = % Mgip = 0.234 —
Wes Lgi 2 ft-ki
s L t-
Meip = % Meip = 0.335f—p
t

For the superimposed dead and live loads, the force effects should be calculated based on analyzing the strip as
a continuous beam supported by infinitely rigid supports (§4.6.2.1.6)

ft-ki
My = 0- P
ft
Msid] = 0.19-1(1;;'ft (see Strudl s-dl output)
t

(Msip + Mcip) ft . (MWS + Mgid) + MLLp)'ft
Sbp Sh

fp = f = 0.789ksi

Tensile Stress Limits

f
0.190- ,k—c_-ksi = 0.42ksi (85.9.4.2.2)
S1

0-ksi  WSDOT design practice
Required precompression stress at bottom fiber,

fereq = fo — 0-ksi fereq = 0.789ksi

If P, is the total effective prestress force after all losses, and the center of gravity of stands is concentric with
the center of gravity of the SIP panel:

Pge = fereq: Wsip-tsip Pge = 265.184kip per panel

Assume stress at transfer,

fpi = 0.75-fpu fpi = 202.5ksi (LRED Table 5.9.3-1)

Assume 15% final losses, the final effective prestress,

pse = fpi:(1—0.15) Pse = 172.125ksi
. Pse
The required number of strands, Nreq = — Nreq = 18.125 Np = ceil(Nreq)
Pse'Ap
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Try Np =19

Prestress Losses

Loss of Prestress (§5.9.5)

steel relaxation at transfer (§5.9.5.4.4b)

Curing time for concrete to attain f'ci is approximately 12 hours: set t := 0.75 day

Guess values: AfpR] = 2.0-ksi fpj := 205-ksi

. log(24.0-t) ( fpj
Given AfpR] = —[— —0.55 |-fp;

40.0 fpy
fpj = 0.75-fpu + AfpR) immediately prior to transfer+steel relax.
(LRFD Table 5.9.3-1)
fpj
o | Find( fpj. AfR)) fpj = 204.4ksi
pRI

Aprl = 1.87ksi

Given: Ap = 0.085 in2
straight strands Np =19 Jacking force, fpi-Np-Ap = 330.05kip
(note: these forces include initial prestress relaxation
loss, see §C5.9.5.4.4b)
.2
Aps == Ap-Np Aps = 1.615in per panel
- fi . 2 i
APSIP = Apsw_ Aps]p = 0.202111 per
sip
c.g. of all strands to c.g. of girder, ep = 0-in

Elastic Shortening, Afygs (§5.9.5.2.3a)

feop: concrete stress at c.g. of prestressing tendons due to the prestressing force at
transfer and the self-weight of the member at the sections of maximum moment.

Guess values: psi = 196.2-ksi prestress tendon stress at transfer (LRFD Table 5.9.3-1)

. Eci
Given (fpj — AfpR1 — Psi)'_ = —|:
Ep

~(psi Apsip) }

Asip (note: used only when e, =0in)
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Psi = Find(Psi) Psi = 196.1ksi

 psi (Apsip) | .

fogp 1= = fegp = —0.94ksi
sip

Afpgs = fpj — Afpri — Psi Afpgs = 6.36ksi

9.3.2 Approximate Lump Sum Estimate of Time Dependent Losses (§5.9.5.3)
Time-dependent losses : Af,gg + Af g + Af iy

Criteria: if (fi > 3.5ksi,"OK","NG") = "OK"

Normal density concrete

Concrete is either steam or moist cured

Prestressing is by low relaxation strands

Are sited in average exposure condition and temperatures

no partial prestressing  Ag := O-in2

Apg i
partial prestress ratio (LRFD Eq. 5.5.4.2.1-2) PPR := S L M PPR =1
Approximate lump sum estimate of time-dependent losses (§5.9.5.3)
For solid slab,
LOSS; := 29.0-ksi + 4.0-ksi:PPR  (upper bound) LOSS; = 33ksi

Allowable reduction for solid slab, 6.0 ksi,
LOSS; := LOSS( — 6.0-ksi LOSS; = 27ksi

(§5.9.5.1) In pretension members where the approximate lump sum estimate of losses is
used, Af g, should be deducted from the total relaxation.

At transfer, the losses that could be accounted for are elastic shortening and steel relaxation only.
LOSS; := LOSS; — Afg) LOSS; = 25.13ksi

Loss due to Creep Afpcr (§5.9.5.2.3a)

Afcgp, change in concrete stress at center of gravity of prestressing steel due to permanent loads, except
the load acting at the time the prestressing force is applied. Values of Afeq, should be calculated at the
same section or sections for which fegp is calculated.

ft-ki . .
Mcip = 0.335 tf—tp (act on the non-composite section)
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(act on the composite section)

Mgiql = 0.19% (act on the composite section)

However, the weight of the CIP slab provides zero stress at the center of gravity of pretensioning
force.
So, stresses due only to wearing surface and barriers are considered.

c.g. of all strands to c.g. of composite girder,
y
epe = Yb - % epe = 2.14in
(Msidl + Mws)'ft'epc
Ie

Afegp = Afegp = 0.01ksi
AfpcR = 12.0-(~fegp) = 7.0-Afegp Afpcr = 11.24ksi

Total loss Afyr (note: BDM assumes a 330 MPa total loss), not including Aprl,

Afyr = LOSS + Afypg Afyr = 31.49ksi
fpe = fpj — AfpR] — AfyT fpe = 171.005ksi
if(fpe < 0.80-fpy, "OK" ,"NG") = "OK" (LRFD Table 5.9.3-1)
Pe == %j:pe Pe = 34.522% per foot

Stresses in the SIP Panel at Transfer
Stress Limits for Concrete
Compression: —0.60-f¢j = —2.4ksi

Tension:  Allowable tension with bonded reinforcement which is sufficient to resist 120% of the tension
force in the cracked concrete computed on the basis of an uncracked section (§5.9.4.1.2).

T . .
0.24- | —-ksi = 0.48ksi
ksi

or w/o bonded reinforcement,

f' .
10,0948 | ksi _
min ksi = 0.19ksi (Controls)
0.200-ksi
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Because the strand group is concentric with the precast concrete panel, the midspan section is the
critical section that should be checked.

Stress at Midspan

Effective stress after transfer,

. y
Py = =P Py = 39.596%
t

Moment due to weight of the panel,

kip-ft
fit

At top of the SIP panel,

[ Mgjp-ft  Pgj-ft

= —1.06ksi < allowable -0.60-fj = —2.4ksi OK
Stp Asip

At bottom of the SIP panel,

Mgipft  Pgj-ft
S TS L 0.83ksi < allowable —0.60-f¢; = —2.4ksi OK
Sbp Asip

Stresses in SIP Panel at Time of Casting Topping Slab

The total prestress after all losses,

Pe = 34502 NP
fit

Stress Limits for Concrete

Flexural stresses due to unfactored construction loads shall not exceed 65% of the 28-day compressive
strength for concrete in compression or the modulus of rupture in tension for prestressed concrete form
panels (§9.7.4.1).

The construction load shall be taken to be less than the weight of the form and the concrete slab plus 0.050
KSF.
For load combination Service I:

Compression: —0.65-f'¢ = —3.25ksi

Tension: ~ Modulous of rupture,

f
fr = 024 | — ki fy = 0.537ksi
ksi
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Stresses at Midspan after all Non-Composite Loads

ft-ki
Myip = 0.234 ——2
ki
Meip = 0.33STP
2
k. L‘ .
Meopst = 0.050-—2 P
2
fit
At top of the SIP panel,

|: (MSlp + MClp + Mconst) -ft Peft

Stp Asip

At bottom of the SIP panel,

(MSIP + MClp + Mconst) -ft Peft
Sbp Asip

Elastic Deformation (§9.7.4.1)

Deformation due to

2
48 EcIsip

L .
if| A < | min| | =2
180

L .
min . 4 0.75-in otherwise
240

Stresses in SIP Panel at Service Loads
Compression:

e Stresses due to permanent loads
-0.45-fc = -2.25ksi ~ for SIP panel

—0.45-f¢cg = —1.8ksi for CIP panel

e Stresses due to permanent and transient loads

-0.60-fc = —3ksi for SIP panel

—0.60-fcg = —2.4ksi for CIP panel

ft-kip

Mconst = 0.251 -

ft

} =-1.22ksi < allowable -0.65-f; = —3.25ksi

} = —0.42ksi < allowable -0.65-f; = —3.25ksi

A =0.02in

O.25~injj if Lgjp < 10-ft ,"OK","NG" | = "OK"

OK

OK
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e Stresses due to live load + one-half of the permanent loads
—0.40-f¢ = —2ksi for SIP panel
—0.40-f'cg = —1.6ksi for CIP panel

Tension:

f
0.0948- /k—",ksi = 0.21ksi (§5.9.4.2.2)
S1

0-ksi ~ WSDOT design practice

Service Load Stresses at Midspan
o Compressive stresses at top of CIP slab

Stresses due to permanent load + prestressing

(Mws + Msidl) ft
Sts

= —0.017ksi < allowable -0.45-f g = —1.8ksi OK

Stresses due to permanent and transient loads,

(Myws + Msid1 + MLLp)ft
Sts

=—-0.48ksi < allowable  —-0.60-f.q = —2.4ksi OK

o Compressive stresses at top of the SIP panel

Stresses due to permanent load + prestressing

- = —1.1ksi < allowable -0.45-f; = —2.25ksi OK

Asip Stp St

Stresses due to permanent and transient loads,

- =—1.15ksi <allowable —0.60-f; = -3ksi OK

Asip

Stresses due to live load + one-half the sum of effective prestress and permanent loads,

Pe-ft)  0.5-(Mip + Mcip)-ft  (0.5-Mys + 0.5-Msidl + MLLp)-ft
-0.5- - - = —0.6ksi

Asip Stp St

< allowable —0.40-f; = —2ksi OK
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o Tensile stresses at bottom of the SIP panel

Stresses due to permanent and transient loads,

[Pert N (Msip + Mcip)-ft N (Myys + Mgidl + MLLp)-ft Py
Asip pr Sb
fe
< allowable 0.0948- Flksi = 0.21ksi OK
S1
0-ksi (BDM)
9.8.11 Flexural Strength of Positive Moment Section
Resistance factors (§5.5.4.2.1)
of:=0.90 for flexure and tension of reinforced concrete
0p :=1.00  for flexure and tension of prestressed concrete
¢y :=0.90 for shear and torsion
Ultimate Moment Required for Strength I
Dead load moment,
kip-ft
Mpc = Msip + Mcip + Msidl Mpc = 0.759T
Wearing surface load moment,
kip-ft
Mys = o2p-It
ft
Live load moment,
kip-ft
M =51——
LLp it
kip-ft
My = 1-(¥p-MDC + YDW-Myws + YL-MLLp) My = 9874
Flexural Resistance (§5.7.3)
Find stress in prestressing steel at nominal flexural resistance, fps (§5.7.3.1.1)
fpe = 171.005ksi 0-5‘fpu = 135ksi
if (fpe = 0.5-fpu,"OK","NG") = "OK"
fpy
k:=21.04-— k =0.28 (LRFD Eq. 5.7.3.1.1-2)
Ag = 0-in
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Al = O-in2 (conservatively)
dp, distance from extreme compression fiber to the centroid of the prestressing tendons,

dp =tg] — O-S'tsip dp = 6.251n

Wsip = 96in effective width of compression flange

f‘cs - 4.01(81
B = if| f'cs < 4-ksi,0.85,0.85 - 0.05:| ———— B =

if By =065
1.0-ksi P1 it B

0.65 otherwise
B1 =085 (857.22)

Assume rectangular section,

Apg
c = ps pu ¢ =147in
fpu
0.85'FCS'I3 1 'Wsip + k.ApS.d_

Stress in prestressing steel at nominal flexural resistance, fps (§5.7.3.1.1),

fps = fpu-(l - k-dij fps = 252.24ksi
p

Check stress in prestressing steel according to available development length, 14

Available development length at midspan of the SIP panel,
Id = 0.5 Lgip 14 = 0.966m

rearranging LRFD eq. 5.11.4.1-1

2 .
fpsid = ‘ksi+ ?fpe fpsld = 177.404ksi (may be too conservative)

1.6-dp
s = min((fps fpsid)) fps = 177.404 ksi
Flexural Resistance (§5.7.3.2.2 & 5.7.3.2.2),
a=Bqc a=125in Aps = l.6lSin2 per panel
My = Aps-fps (dp - %)
M, = 134.3kip-ft

M, = 0p-Mp M; = 134.3kip-ft per panel
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M kip- ft
! M = 167922 per ft

M; =

kip-ft

My <M, =1 OK where My = 9.874 -
t

Limits of Reinforcement
Maximum Reinforcement (§5.7.3.3.1)

Apg Tpgd
do = 2 P2 P de = 6.25in
Aps'fps

The maximum amount of prestressed and non-prestressed reinforcement shall be such that

di <042 =1 OK., where — = 0.23

(] (]

The section is not over-reinforced. Over-reinforced reinforced concrete sections shall not be permitted.

Minimum Reinforcement (§5.7.3.3.2)
AASHTO 9.18.2

Compressive stress in concrete due to effective prestress force (after all losses) at midspan

Pe'ft

fpeA = fpeA = 0.82ksi (compression)

Asip

Non-composite dead load moment at section, Mqpc,

kip-ft
Mdnc = Mcip + Msip Mdne = 0.569T
fr = 0.537ksi use SIP panel
Sb Sb kip-ft
Mer = (£ + fpea)-— — Mdne| — - 1 12- Mgy = 1411422
Kip-ft
M, > 1.2 Mg = 1 OK where M, = 16.79 lfp
t

Negative Moment Section Over Interior Beams

Deck shall be subdivided into strips perpendicular to the supporting components (§4.6.2.1.1).
Continuous beam with span length as center to center of supporting elements (§4.6.2.1.6).
Wheel load may be modeled as concentrated load or load based on tire contact area.

Strips should be analyzed by classical beam theory.

Spacing in secondary direction (spacing between diaphragms):

L
Lg=— Lqg =27.149m
d 1.0 d
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Spacing in primary direction (spacing between girders):
S =2.057m
. Ld Ld
Since 5 >150=1 , where 5 =132 (§4.6.2.1.5)

therefore, all the wheel load shall be applied to primary strip. Otherwise, the wheels shall
be distributed between intersecting strips based on the stiffness ratio of the strip to sum
of the strip stiffnesses of intersecting strips.

Critical Section

The design section for negative moments and shear forces may be taken as follows:
Prestressed girder - shall be at 1/3 of flange width < 15 in.
Steel girder - 1/4 of flange width from the centerline of support.

Concrete box beams - at the face of the web.

top flange width bf := 15.06:in
Design critical section for negative moment and shear shall be at d, (§4.6.2.1.6)

1 .
e = min((—bf 15-inD dc = 5in from CL of girder (may be too
3 conservative, see training notes)

Maximum factored moments per unit width based on Table A4-1: for S =2.057m

(include multiple presence factors and the dynamic load allowance)

applicability if [min((0.625-S 6-ft)) > overhang — cw,"OK" ,"NG"] = "OK"
lf(Nb > 3’HOKH ’HNGH) = "OK"

M Ln = 4.00~% (max. -M at d. from CL of girder)

Dead load moment (STRUDL s-dl output)

. d
Mpcy = 0.18»M (dead load from deck overhang and = = 0.062
ft sidl only, max. -M at d, at interior S
girder, conservative)
kip-ft
Mysn = 0-
ft

Service negative moment
kip-ft
ft

Mgn == MpCn + Mwsn + MLLn Mgy = 4.18
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Factored negative moment
kip-ft

Myp = 1”l'(Yp'MDCn +YDW Mwsn + YL'MLLn) Mun = 723?

Design of Section

Normal flexural resistance of a rectangular section may be determined by using equations
for a flanged section in which case by shall be taken as b (§5.7.3.2.3).

fcs - 4.0kSl
B :=if| fes < 4-ksi,0.85,0.85 — 0.05.| ———— B = |By if By = 0.65
1.0-ksi
0.65 otherwise
By =085 (8§5.7.2.2) conservatively use CIP slab concrete strength
assume bar #  bary =5
dia(bar) := [0.5-in if bar = 4
0.625-in if bar = 5
0.75-in if bar = 6
0.875-in if bar = 7
dia(barn)
dp ==t —2.5-in — T dy = 5.688in
0.85-f'c4 ft 2-Myp-ft
Agim — g g2 Ag = 0.29in per ft
use (top-transverse) bar #  bar, =5 Sp == 9-in

Ap(bar) = O.20~in2 if bar = 4
0.31.in° if bar = 5

O.44~in2 if bar = 6

O.6O~in2 if bar =7

1-ft
Agp = Ab(barn)~s— Agp = 0.41 in” per ft
n

Maximum Reinforcement (§5.7.3.3.1)

The max. amount of prestressed and non-prestressed reinforcement shall be such
that
Where de = dn
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Agpfi
c:= a7 ¢ =0.72in

if| < < 042."0K","NG" | = "OK" < _0126
d de

(]

The section is not over-reinforced. Over-reinforced reinforced concrete sections
shall not be permitted.

Minimum Reinforcement (§5.7.3.3.2)

f
frs == 0.24 /k—c?-ksi frs = 0.48ksi use SIP panel concrete strength
S1
Eg
n:=—— n = 6.866 n := max[ [ ceil((n—0.495)) 6 ]]
CS
n=7 set n =7 (round to nearest integer, §5.7.1, not less than 6)

(n— DAg, = 2.48in”

Agc = tszft Agc = 1021112

dg == 2.5in + 0.625-in + 0.5-0.75-in c.g. of reinforcement to top of slab dg = 3.5in

Age 0.5t + (n— 1)-Agp-d
Yig = — 2 o Y = 4.232in
Agc+ (n_ 1)'Asn

3
fit-(ts2) 2 2 4
Ieg = —0 Age (0542 = Yis) "+ (n = DAgy(Yis — ds) Ieg = 615.487in
oI
My = r; & Mer = 5.817kip-ft 1.2-Mr = 6.981kip-ft
ts

if (Mynft > 1.2-Mr,"OK" ,"NG") = "OK"

Crack Control (§5.7.3.4)

kip-ft
Mgy = 4.18 —2—
ft
Eg
n:= = n=6.866 n:=ceil((n-0.495)) use slab concrete strength
CS
set n =7 (round to nearest integer, §5.7.1)
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A _
p = = p =6.056x10 3
ftdn
k(p) = (p~n)2+2~p~n—p~n k(p) = 0.252
. k .
ilp) =1 ——(SP) i(p) = 0,916
f Mo ft foy = 23.293ksi
=Y = . S1
- Asn'j(P)'dn ™

Z:= 130-& crack width parameter in severe exposure condition
mn

de = 2:in+0.5-dia(bary) dc =2313in max.

A = 2-desp A = 41.625in
Z Z
1 1
if| min 3 | |2 fg,"OK","NG" | = "OK" where  min 3 || =28366ksi
() || (de-a)
say OK
Shrinkage and Temperature Reinforcement (§5.10.8.2)
For components less than 48 in. thick,
where Ag = tg2 It
Agksi 2
Atem = 0‘] 1- P Atem = 0.187 in per ft
y
The spacing of this reinforcement shall not exceed 3-ts1 = 24in or 18 in.
e as 1-ft
top longitudinal - bar =4 s:=12in Ag = Ap(bar)—  Ag = 0.2in° perft  OK
S
Distribution of Reinforcement (§9.7.3.2)
The effective span length S ¢ shall be taken as (§9.7.2.3):
web thickness by = 7-in
top flange width bf = 15.06in
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bf—b
Seff = S—Dbf+ hd

Seff = 5.831ft

For primary reinforcement perpendicular to traffic:

220
Seff

ft

percent := min 67 percent = 67

Bottom longitudinal reinforcement (convert to equivalent mild reinforcement area):

. PSPy Ag = 0.55% per ft
i t

1-ft
usebar# bar:=5 s:=6.0in Ag = Ap(bar)-— Ag = O.62in2 per ft OK
s

Maximum bar spacing (§5.10.3.2)

Unless otherwise specified, the spacing of the primary reinforcement in walls and slabs shall not
execeed 1.5 times the thickness of the member or 18 in.. The maximum spacing of temperature
shrinkage reinforcement shall be as specified in §5.10.8.

1.5:ts1 = 12in OK
Protective Coating (§5.12.4)

Epoxy coated reinforcement shall be used for slab top layer reinforcements except when the
slab is overlayed with asphalt.
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Design Example 4 Deck Bulb Tee and Ribbed Girder Design

Ribbed Girder Design Example

5' Wide Trideck, 65' Span Length

Material Properties

Concrete
fC = 8.0

foj:=6.5

Prestressing Steel

fpu =270
fpy = 243
Ep = 28500

Reinforcing Steel

f

y

=60

Eg = 29000

Geometric Properties of Tribeam

Ag = 746

Ig = 46406

Permanent Loads

WSd| =0.175

Design Load Effects

LML
d= 12

Wsdl L
8 12

M := 2.227-1525

8

Msq) =

M

servicel =

} Kips/ft

yp:=17.16
h:.= 27

b:= 60

Mgi + Mgq) + My,

All dimensions are in kips and
inches except bending moments
which are measured in kip-feet

Composite Action

ni= —o
Ec
Ep
ni = —
Eci
(5" wide section)
(65' span)
(assumes 3' overlay)
(calculated at midspan)
Mdl =437.82
Mgq) = 92.42
M), = 692.35

(LL DF for two loaded lanes)

Mgervicel = 1222.59
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M Mdl + MSd| + 08M” MSGrViCG'” =1084.12

servicelll =

Prestressing Geometry

Agtr = 0.153 Yops = 5:0
dstrand = 0-5 &= Yo ~ Ybps
Ngtrand = 33 Aps = Nstrand Astr

Transformed Section Properties (between harp pts.)

Anet = Ag — Aps

e [ybAnet + Ypps (N = 1)'Aps]
bt Anet+ (N—1)-A

ps

lp=lg + Ag'(yb - th)2 +(n- 1)'APS'(ybt - ybps)z

It

Spt =
Yt
Iy
Sy =
= H Yor
€t = Ybt ~ Yops

Prestress Forces

foi = 0.75-f5,
Pjack = O75prApS
Pgi = 0.69-f5 - Apg

Elastic Shortening Losses

f —PSi}(P ezJ [12M et]
cap = siT | d'T
P At lg lg
pinstant = | ‘£ |"'cgp
Cl

Time Dependent Losses

(fcgﬁ)}

Aty = 37.{1 - 0.15.

Afiotal = Apinstant + Aftg

Pse = (fpi - Aftotal) 'Aps

(ybps iS "F")

Aps = 5.05

Anet = 740.95

Yt = 16.84
|, = 49316.07
S = 2929.02
Syt = 4852.55

e;=11.84

Pjack =1022.42 (strand jacking force)

Pg;=940.63 (initial p/s force)

fogp = 2:93

Afyy =35.15

Aftotal = 51 40

Pge = 762.92 (p/s force after losses)
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Service | and Service lll Limit States

Bottom Fiber Stress at Midspan:
; P e 1 (12Mservicelllj
b=Fselg ™ -
Sb Anet Sb’[

Top Fiber Stress at Midspan

1 e Mg + Mgq
f=Pse| o |* 12—

. IR SMg; + My
i=Pse’| x5 |1 T
Anet St Stt

¢ P 1 e 12 IV'servicel
= | —— |+ —_—
til se’l A S Stt

Strength Limit State

Strength | Load Effect at Midspan

Bonded Steel Stress

(compression is negative)

fb =0.02 0 Allowable

(BDM 6.2.3-2)

Allowable

fy=0.37 |  0.45f,=3.60

fy =132 ] 0.4f,=320

fy =209 | 0.6f=4.80

(BDM 6.2.3-2)

M, = 1897.51

(LRFD 3.4.1-1)

k:=0.28 low relaxation steel
A f
S
Cc:= ( P pu) c=3.74
fpu
O.85~O.85~fc-b + k'Aps'— a:=0.85c
(P~ Ybps)
c
fra="fq | 1 - K7 fne =257.14
S u S
P { (h- prs)} ®
Flexural Capacity at Midspan
0:=1.0
a) 1
¢Mn =0 ApSfpS(h - ybpS - Ej E ¢Mn =2208.04
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oM, > M,

Service | Limit State, Prestressing Steel

e (M + Mgq)
Mg = ne| — |{ 12—
Yot Spt

fpsservice = fpi — Aftotal + Afps

Reinforcement Limits

Maximum RF

— =017
(h —prs)

Mimumum RF

foim P 4 =
cpe -~ "se’ o
P Anet Sb

_ Sbt’(fcpe - fr)

M., =
cr 12

0Mp, = 2208.04

Transformed Section at Endblock

Ybsend = 12

€end = Yb ~ Ybsend

_ [ybAg + (ni - 1)'ybsend'Aps]
Ybtend = (ni - 1)-Aps + A

g

lteng = Ig + Ag'(yb - ybtend)2 + (”i - 1)'Aps'(ybtend - ybsend)2

OK

0.8-f

py

Afpg = 11.62

f

psservice ~ 162.72

=194.40 maximum (LRFD 5.9.3) OK

0.42 maxmimum (LRFD 5.7.3.3.1-1) OK

fope = 446

1.2M, =1107.22

1.33-M, = 2523.69

Greater than the lesser of 1.2 M and 1.33 M, (LRFD 5.7.3.3.2) OK

(at transfer, E=Eci)
(v, of steel at end block)

eend =5.16

ybtend =17.01

lieng = 46999.55

I
tend
S =—
btend Ybtend Sptend = 2763.74
ltend
Sttend T Sttend =4702.69
h = Yptend
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€tend = Ybtend ~ Ybsend €teng = 501

Concrete Stresses at Transfer

Pj = (fpi - Afpinstan’[) Aps P, = 940.40
l := 60-dgrand
(L-1)
Yopslt = Ybps * (ybsend - ybps)'[T} Yopsit = 1173
€t = Yotend ~ Yopslt ey =5.28

P/S Load Effects at Transfer

Mharp = Wd|-2—5 Mharp =420.30

M-—EI(L |) My = 129.53
It= T4t t It = 129.

Allowable Stresses:

Tension < -0.200 Compression 0.6-foj =3.90 (BDM 6.2.3-2)

Top Fiber at Transfer Length from Endblock

f P [—1 i 12 M f 0.183
tit = i’ o |t tit =" OK
Anet St Sttend
Bottom Fiber at Transfer Length
1 & Myt
fb|t = Pi' —+—|-12 fb|t =2.54 OK
Anet  Sp Sptend
_________________________________________________ .
Top Fiber at Harp Point
12-M
1 e harp
f =P+ — f =-0.12 OK
thar i thar
P (Anet SJ Stt K
Bottom Fiber at Harp Point
M
1 e harp
f =P —+—1]-12 f =3.78 OK
bhar, i bhar,
P [Anet Sb] Sh P
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Camber and Deflection

At Release:

Prestress Effect:

a:=0.3L

€h = Yb ~ Yops ~ Ybsend

2
UL i Apg = 3.43
S = ’ - s~
PS™ Bl \ 8 6 P
Dead Load Effect:
W
5.—.Lt
Ay 12 Agy=-1.32
d*™ “384-E d=-"
Superimposed Loads
w,
sdl
_5._.|_4
. 12 Acp| =-0.28

SDL = 384-E Iy SDL~= 7+

Al
A1 = ApS+Ad| A1 =212
A2000
ASDL
ASDL = S'OO.ASDL ASDL =-0.83
Excess Camber: Aogoo + Agpl = 4.02 Multipliers from BDM 6.1.8
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Design Example 5

Solid and Voided Slab Design

Prestressed Voided Slab Design

Specification

General Input | AASHTO LRFD Specifications Reference
Girder type: 26 Inch Prestressed Precast Voided Slab Prelim.Plan, Sh 1
Span Length: L= 4500 ft CL. to CL. Bearing BDM 6.3.1A
Bridge Width: 4400 ft Deck Width Prelim.Plan, Sh 1
Number of Lanes 3 g
Skew Angle: Oskew=  0.00  degrees g
Girder Width: b= 400 ft = 4800 in BDM 6.6-A3-1
Girder Depth: hord= 26 in S 217  ft | OK !
Number of Voids N, = 2 g

Void Diameter: dia,= 157 in g
Number of girders: N, = 1 Assumed ACP added = Prelim.Plan Sh 2
Weight of barrier: wrg= 050  k/ft 0.20 in. BDM 8.3-A10
Weight of Overlay (3" Asphalt) 0.040  k/ft? ACPin. = 300 in.

Strength of Concrete ACPypiica= 3.20  in.

Final f,= 70 ksi Transfer fi'= 60 ksi 00 BDM 6.6-A3-2
Presfressing Inpu'r (Back to Table of Contents) Reference
Strand diam., dy, = 050 in Area= 0153 in? BDM 6.6-A3-1
Number of Bonded Strands ~2 in from Bottom 14 See Strand Layout
Number of Bonded Strands ~4 in from Bottom 0 Eccentricity (E) Rleriskest
Number of Bonded Strands ~6 in from Bottom 0 E= 7.18 in
Number of Debonded Bottom Strands 4 OK OK
Total Number of Bottom Strands 18 < 42 oK
Total Number of Top Strands 4 < 6 oK
Output
HS20-44 Force Effect: | Jacking Force, P, = 691  kips See Section 9
Live Load Force Effect: Moment = 878.49 ft-kips per lane See Section 7

Reaction=90.30 kips per lane
Service Limit State
Top of Girder Bottom of Girder Check
Concrete Stresses at Transfe]load Case|Calculated| Allowable|Calculated| Allowable
At d, DL+P/s | -0.014 | 0.200 | -1.249 | -3.600 OK
Concrete Stresses at Service Limit State I Limit State ITI
At mid-span DL+LL+P/S| -1.407 | -4.200 | -0.030 | 0.000 oK
- - -0.030 0.251 OK
DL+P/s | -0.628 | -3.150 - - oK
LL+1/2DL+1/2P/S| -1.093 | -2.800 - B OK
Strength Limit State
Moment at Mid-span, ft-kips Mu = 978 oMn= 13512 oK
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Table of Contents
Content

1 Structure:

Single Span Bridge

Live load
HL-
Material Properties

Concrete
Pr r r irder
Reinforcing steel
Pr r in 1

Allowable Concrete Stresses at Service Lmit State
Tensile stress limit
Compressive stress limits after all losse
Stress limits for prestressing strands
Computation of Section Properties
Table 5-1: Section Area
Table 5-2: Moment of Tnertia, T

Limit State
. Limi
Load combinations and load factors

Vehicular Live Load
Design live load

Maximum live load force effect
Dynamic load allowance (Impact, T
Distribution of Live Load, Dfi (Beam Slab Bridges)

Distribution Factor for Moment Interior Girder, DI

Moment Distribution Factor for Exterior girder, [

hear Distri ion F r for Interior Girder, DEX

Shear Distribution Factor for Skewed Exterior Girc

Table 7-2: Summary of Live Load Distribut

8 Computation of Stresses

Stresses due to Weight of Girder

Concrete stresses due to Traffic Barrier

Concrete stresses due to SIDIL, Asphalt Overlay

(DW)

ncr r Live L

Summary of stresses at dv (Table 8-8)

Summary of stresses at Mid-Span (Table 8-9)
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9 Approximate Evaluation of Pre-Stress Losses
Time Dependent Losses
1 1 L o] .
o - 1

Losses due to Steel Relaxation
Jacking Force
10 Stresses at Service Limit State
ncr r mid-— n

na - gird
. Limi ce - T load binat

Prestressing stress at bottom of girder

Final stress at bottom of girder
Tensile stress limit at service — TTIT load combination
Stresses at transfer
Determination of prestressing losses at transfer
Total loss at transfer
ncr r immedi 1 fter transfer v_{
11 Strength Limit State
Resi n £ r
Elexural forces ING Mu No Check |
Flexural resistance OK for rectangular section

Nominal flexural resi n
Limit for reinforcement

Maximum reinforcement |OK Not overreinforced
Developmen f pr r in ran IOK developed I

12 Shear Design
Design procedure
Effective Web Width, bv, and Effective Shear Depth, dv
Component of Prestressing Force in Direction of Shear Force, Vp

Shear Stress Ratio

Factored shear force

fro

Factored moment

Longitudinal Strain (Flexural Tension), € x
Determination of and 0

Shear strength

Required shear strength

. \ng of sl L nf

Minimum shear reinforcement OK for Min. Transverse Reinf.
Longitudinal reinforcement OK for Longitudinal Reinforcement
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13 Deflection and Camber

Deflection due to prestressing forces at Transfer
Deflection due to weight of Girder

Deflection due to weight of Traffic Barrier TB

Deflection due to weight of Wearing Surface SIDL

1 . ] . .

P irder ILon rm Defl ion
{nal defl . } 11 ] }
m r mmar
ACP at Piers
References
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Prestressed Voided Slab Design
AASHTO LRFD Specifications

Specification

Reference
1 Structure: Project XLXXXX, Name Br #XX/XX
Single Span Bridge
Span Length: 4500 ft CL./ CL.Bearing / Bkps Prelim Plan, Sh 1
Girder Length: 4583 ft
Bridge Width: 4400 ft Deck between curbs &/or barriers g
Girder Width: 400 ft BDM6.6-A3-1
Number of girders: 1 Prelim Plan, Sh 1
Back Tabl f nten
2 Live load LRFD 3.6.1
HL-93
Vehicular live load designated as " HL-93 " shall consist of a combination of : LRFD 3.6.1.2.1
Design truck or design tandem, plus
Design lane load
Design truck is equivalent to AASHTO HS20-44 truck. LRFD 3.6.1.2.2
The design lane shall consist of a 0.64 kiIf, uniformly distributed in the LRFD 3.6.1.2.4
longitudinal direction. Design lane load shall be assumed to be uniformly
distributed over 10 ft width in the transverse direction.
Design tandem shall consist of a pair of 25.0 kip axles spaced at 4'-0" apart LRFD 3.6.1.2.3
Number of design lanes: LRFD 3.6.1.1.1
Integer part of : Width / (12 ft lane ) = 3 Lanes
(Back to Table of Contents)
3 Material Properties
Concrete
LRFD Specifications allows a concrete compressive strength with a range LRFD 5.4.2.1
of 2.4 to 10.0 ksi at 28 days.
Compressive strength for prestressed concrete shall not be less than 4.0 ksi.
(Back to Table of Contents)
Precast prestressed girder
Compressive strength at 28 days, f¢= 70 ksi
2000 BDM, 6.6-
A3-2
Compressive strength at transfer, fo'= 6.0 ksi
Unit weight, (for computing, E.) w,= 0.160 kef
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(for DL calculation) w.=  0.160 kef

E =33000w = If'=
c c c

*LRFD states this equation is for concretes with unit weights between 0.090 and
0.155 kcf. WSDOT uses 0.160kcf. Assume this is still ok. 0.90 <w,_ <0.155

f = 0.24\@' =

u= 0.2
(Back to Table of Contents)

*Modulus of Elasticity, 5587.8  ksi

Modulus of Rupture, 0.635 ksi

Poisson's ratio =

Reinforcing steel
AASHTO M-31 with yield strength of, f, = 60.00 ksi

Modulus of Elasticity, E, = 29000 ksi

(Back to Table of Contents)

Prestressing steel
AASHTO M-203, Uncoated 0.5 in. or 0.6 in. diameter, Low-relaxation

Ultimate strength, fou = 270  ksi.

Yield strength, foy = 09 fy, = 243  ksi.

E,= 28500 Ksi.

Modulus of elasticity,
(Back to Table of Contents)

4 Allowable Concrete Stresses at Service Lmit State

Tensile stress limit
For service loads which involve traffic loading, tensile stress in members

with bonded prestressing strands shall be investigated using Service - IIT load

combination.
Tension in precompressed tensile zone assuming uncracked section:

£,=0.19f

Areas with bonded reinforcement

Components subjected to severe

£, =0.0948,/f

Current WSDOT design practice does not allow any tension at the bottom of

corrosive conditions

prestressed girders, therefore:

fy= 0.00 ksi
(Back to Table of Contents)

BDM 4.1.1 &
4/18/00 Bridge
Design Memo

LRFD Egn
5.4.2.4-1

LRFD 5.4.2.6
LRFD 5.4.2.5
LRFD 5.4.3
LRFD 5.4.3.1 &
BDM 5.1.2A

LRFD 5.4.3.2

LRFD 5.4.4
LRFD 5.4.4.1

LRFD Table
54.4.1-1

LRFD 5.4.4.2

LRFD 5.9.4

LRFD 5.9.4.2.2

LRFD Table
59.42.2-1

B.K.
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Compressive stress limits after all losses
Compression shall be investigated using Service - I load combination:

f=045f', Due to permanent loads

f=0.60f', Due to permanent and transient loads

f=040f", Due to transient loads and one-half of permanent loads
Back Tabl hil nten

Stress limits for prestressing strands

LRFD 5.9.4.2

Ultimate tensile strength, fou = 270.00  ksi LRFD Table
Yield strength, foy =09 o, = 243.00  ksi 5.4.4.1-1
Immediately prior to Transfer foor = 0.75 f,, = 20250  ksi
Effective stress limit at Service Limit State after all losses: LRFD Table
fe =0.8 f,, = 19440  ksi 5.9.3-1
Back Tabl f nten
5 Computation of Section Properties
Table 5-1: Section Area
Gross Section Width 48.00 in. BDM 6.6-A3-1
Depth 26.00 in !
Void Number 2 in g
Diameter 15.70 in g
Net Web = Width - Voids = b, = 2445 in See Section 12
(Back to Table of Contents)
For both pretensioned or posttensioned members after bonding of tendons, section LRFD 5.9.1.4
properties may be based on either the gross or transformed section. The following
section properties are based on gross section (of the concrete).
Table 5-2: Moment of Inertia, I
Area Moment of Inertia
in® in*
Gross 1248.00 70304.00 Trectangle = 1/12 bh’ ATSC p 7-17
Void 387.19 5964.84 Lircte = 1/4 mr® ATSC p 7-20
Net 860.81 64339.16 (Gross Concrete Section)
Back Tabl f nten
—
rd ._._‘_.‘ E
C6=NA ve 0 H
dia,
Location of the Neutral Axis: y, = Zy: - 13.00 in
y,=H—-y, = 13.00 in
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Section Modulus: (Bottom) 5, = L 49492 in® BDM 6.4-A3-1
Yo
1
(Top) S, = S 49492 in’ "
6 Limit State LRFD 1.3.1
Each component and connection shall satisfy the following equation for each
limit state : LRFD Egn.
S 0.7,0, <R, =R, 13211
Where:
Load Modifier for Ductility, Redundancy, & Operational Importance
N = 7,7x7, 20.95 for loads which a max. value of v; is appropriate LRFD Eqn.
132.1-2
= <1.00 for loads which a min. value of v; is appropriate LRFD Egn.
n,M:7, 13.2.1-3
Mo = Ductility factor LRFD 1.3.3
Nk = Redundancy factor LRFD 1.3.4
Nt = Operational Importance factor LRFD 1.3.5
n = 1.00 WSDOT Bridge office practice: for any ordinary structure BK.
Therefore the Limit State Equaton simplifies to:
Where:
v; = Load Factor, statistically based multiplier applied to force effects LRFD 1.3.2.1
Q; = Force Effect (Moment or Shear)
¢ = Resistance Factor
R, = Nominal Resistance
R. = Factored Resistance
Service limit state
Service limit state shall be taken as restriction on stress, deformation and crack LRFD 1.3.2.2
width under regular service conditions.
(Back to Table of Contents)
Page 5-B-108 Bridge Design Manual M 23-50

July 2005



Load combinations and load factors
The Total Factored Force Effect shall be taken as: LFRD Egn. 3.4.1

0=>70, '

Where:
v; = Load Factors specified in Tables 1 & 2
Q; = Force Effects from loads specified in LRFD

Strength-TI load combination relating to the normal vehicle use of the bridge LRFD 3.4.1
without wind (See Section 11). !
Service-I load combination relating to the normal operational use of the bridge. !
Service-IIT load combination relating only fo tension in prestressed concrete !
structures with the objective of crack control. LRFD Tables
Osirengi1 = Ve PC + Yoy DW +1.15(LL + IM ) 341142
Qservicer = 1.0 (DC+DW) + 1.0 (LL + IM)
Qservicerrr = 1.0 (DC +DW) + 0.8 (LL + IM)
Force effects due to temperature, shrinkage, and creep because of the free

movement at the end piers are considered to be zero.
(Back to Table of Contents)

7 Vehicular Live Load LRFD 3.6.1
Design live load LRFD 3.6.1.2.2
Design live load designated as HL-93 shall be taken as:
LL = Truck or tandem (1 +IM)+ Lane (See Item 2) LRFD 3.6.1.2.1
Single Span Length = 45.00 ft
HS-20 Truck Axles 32.00 32.00 8.00 kips Section 2
HS-20 Truck Axle Spacing 14.00 14.00 ft "
Tandem Truck Axles  25.00 25.00 kips "
Tandem Truck Axle Spacing 400 ft "
Lane load density, w; 0.64 k/ft LRFD 3.6.1.2.4
Back Tabl f nten

Maximum live load force effect

LRFD5.8.2.9 &

Max Shear, V., occurs at the greater horizontal distance of d, or 0.5d,cotq from the
LRFD5.8.3.2

face of support where d, is the effective depth between the tensile and compressive
resultant forces in the member. Assume 8y, is 45 degrees and face of support is the
Centerline of bearing/pier (dowel connection). Use d, to be conservative.

. AISC LRFD Steel
Max Moment, Mmax, occurs near midspan (CL) underneath the nearest concentrated | " cs cenera

load (P1) when that load is the same distance to midspan as the center of gravity (+ CG)|Rules. p4-205 & BoM
4.3-B1

is fo midspan. Use the Truck or Tandem (Near Midspan) and the Lane (At Midspan)

maximum moments together to be conservative.

Truck: Viax(trucky =~ 94.57  kips At 0.72h LRFD 5.8.3.2

Bridge Design Manual M 23-50 Page 5-B-109
July 2005




Mpax(trucky = 538.71 ft-kips  Near midspan
Tandem: Vinax(Tandem) = 46.04  Kips At 0.72h
Muax(tandemy = 513.61 ft-kips  Near midspan
So the  HL-93 Live Load, LL = HS-20 Truck(1+IM)+HS-20 Lane  Controls
Lane: Vinax(Lane) = 1340 kips At 0.72h
Miaxaney = 162.00  ft-kips At midspan

Table 7-1: Live Load Reactions & Moments

Simple span Reaction, kips Moment, ft-kips

Support 0.72h 05L

HS-20 Truck 57.1 85.1 538.7

HS-20 Lane 14.4 217 162.0

AASHTO HL-93 Truck 538.7 ft-kips Truck LL Governs

(This answer should check with AASHTO App. A Table)

162.0 ft-kips
(Back to Table of Contents)

AASHTO Lane load

Dynamic load allowance (Impact, IM)

The static effect of Design Truck LL  shall be increased by the following

percentage : IM= 33% For bridge components (girder)
M(LL+IM)= 538.7 x(1+0.33)+ 162.0 = 878.5 ft-k
R(LL*IM)= 571 x(1+0.33)+ 14.4 = 903 k

(Back to Table of Contents)
Distribution of Live Load, Df; (Beam Slab Bridges)

For Multibeam deck bridges with conditions as follows, the approximate method of live
load distribution applies with the following conditions :

Width of deck is constant

Number of Beams, N, =4

Beams are parallel

Beams have approximately the same stiffness

Roadway overhang, d, <3.0ft

Curvature in plane is less than 12 degree

X-section is one consistent with one listed in LRFD Table 4.6.2.2.1-1

The multiple presence factor shall not be applied in conjunction with approximate
load distribution except for exterior beams.
The typical x-section g applies to voided and solid slabs w/o P.T.

AISC LRFD p4-205

& BDM 4.3-B1 &

See Design LL
Worksheet

LRFD 3.6.2.1

LRFD Table
3.6.2.1-1

LRFD 4.6.2.2

LRFD 4.6.2.2.1

LRFD 4.6.1.2

LRFD 3.6.1.1.2

LRFD Table

4.6.2.2.1-1
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Distribution Factor for Moment Interior Girder, DF jrn:

For Multibeam deck bridges within the range of applicability and conditions as

follows, the approximate method of live load distribution applies :
Range of applicability: Width of beam, 35+<b =

48 <60 in
Span length, 20<L = 45,00 <120 ft
Number of Beams, 5 <N, = 11 <20

Regardless of the number of design Lane Loaded:
S/D

0.35

DI = 11.5-Ny+1.4N,(1-0.2C)°= 11575  when C<=5
D2 =115-N, = 8.50 when C>5
D= 1157
Where : k= ((1+m)I/J3)"05 = 0.74
C= k(W/L) <k = 0.7
(solidSlabs)  Tp=  (d*b/12)*(b*+d?)= 309920 in*
St Venant's Torsional Inertia
Voided Slab Solid Slab
2 A4
J = 44, =| 141596 in* |J = =| 442923 in*
Zf 40.01,
t
J = 141596
L b:S'rop,bo’r N
= 7 t/2

h:slef'r,r"r

|

i

|
=

A, —

diay  Areq enclosed by centerlines of elements

A, = (h-t)b-1t)= 779  in?

Thickness of plate-like element, t, is derived from
converting the Void Area to Square Areas and
centering the side vertically.

*t = (h-s5)/2

where side of square, s, is derived from:
Asquare= Avoid

Bridge Design Manual M 23-50

LRFD 4.6.2.2.2b

LRFD Table
46.2.2.2b-1

Calcs.Table 5-2

LRFD Egn.
C46.221-3
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1= 7.00 in
*Assume thickness, T, is constant throughout exterior elements, side
elements, s, are exterior out-to-out girder measurements, b & h, interior

element (leg between voids) is ignored.
Moment Distribution Factor for Interior girder, DF yrnt

One design Lane Loaded: 0.346
Skew Reduction Factor for Moments LRFD 4.6.2.2.2¢{
Range of applicability: Skew, 0 < 6gy = 000 < 60° !

Reduction Factor = 1.05 - 0.25 tan(8) < 1.0
Reduction Factor = 1.000

Moment Distribution Factor for Skewed Interior girder,

DFum =  0.346
(Back to Table of Contents)

Moment Distribution Factor for Exterior girder, DF yg. LRFD 4.6.2.2.2d
For Multibeam deck bridges within the range of applicability and conditions as LRFD 4.6.2.2.1
follows, the approximate method of live load distribution applies : LRFD 2.5.2.7.1

DFMExT cex DFMInT

Where Skew Reduction Factor is included in DF s and Correction Factor LRFD Table
d 46.2.2.2d-1

e=1.04+—=2>1.0
25

Where the distance between outside face of exterior girder web to BK

interior face of traffic barrier (LRFD overhang) is approximately equal to

the distance from the centerline of the exterior girder to the inside

face of traffic barrier (WSDOT)
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LRFD WSDOT Q Q

barrier footprint = 1850 in ¢

d,= 046 ft < 2 ft oK
e: 1.058 > 10

Moment Distribution Factor for Skewed Exterior Girder,
DFpmes = 0.366

(Back to Table of Contents)

Shear Distribution Factor for Interior Girder, DFyr,;

BK & RMP

LRFD Table
46.2.2.2d-1

LRFD 4.6.2.2.3a

For Multibeam deck bridges within the range of applicability and conditions as LRFD Table
follows, the approximate method of live load distribution applies : 4.6.2.2.3a-1
Range of applicability: Width of beam, 35<b = 48 <60in
Span length, 20<L = 4500 <120 ft
Number of Beams, 5 <N, = 11 <20
St Venant Torsional Inertia, 25000« J = 141596 < 610000 in*
Net Moment of Inertia, 40000<I. = 64339 < 610000 in*
By substituting the above pre-determined values, the approximate live load distribution
factor for shear may be taken as the greater of:
One design Lane Loaded:
0.15 0.05
DF,,, = (Lj (1 c ] - 0.468 LRFD Table
130L J 4622301
Two or more Lanes Loaded:
0.4 0.1 0.05
b b I l nn
DF,, =|— — = = 0.471
156 12.0L J
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Skew Reduction Factor for Shear LRFD Table
Range of applicabilitySkew, O < 64, = 0.00 < 60° 4.6.2.2.3c-1
Span length, 20<L = 45.00 <120 ft
Depth of beam or stringer, 17 < d = 26  <60in
Width of beam, 35<b = 48 <60in
Number of Beams, 5 <N, = 11 <20
12.0L
RE, =10+ 22 Jang = 1000
90d
Shear Distribution Factor for Skewed Interior Girder,
DFVInT = 0.471
(Back to Table of Contents)

Shear Distribution Factor for Skewed Exterior Girder LRFD 4.6.2.2.3b
For Multibeam deck bridges within the range of applicability and conditions as LRFD 4.6.2.2.1
follows, the approximate method of live load distribution applies : LRFD 2.5.2.7.1

Range of applicability: LRFD Table
Overhang, d.= 046 <20 ft 4.6.2.2.3b-1
DFvext = € X DFyns d LRFD Table
where : e=1.02+-—52>21.0 46.2.2.3b-1
50
e= 1.03 > 10
Shear Distribution Factor for Skewed Exterior Girder,
DFyvext = 0.485
Table 7-2: Summary of Live Load Distribution Factors:
Moment Shear
Interior Girder DFpr: = 0.346 DFyrs = 0.471
Exterior Girder DFmext = 0.366 DFye = 0.485
Back Tabl f nten
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8 Computation of Stresses Sign convention: + Tensile stress
- Compressive stress
Concrete stresses due to Dead Load, DC + DW
Dead Load of structural components, DC, includes Girder & Traffic Barrier. LRFD 3.3.2
Stresses due to Weight of Girder (DC)
Unit weight, w,= 096  k/ft BDM 6.4-A3-1
At d, x=072h= 156 ft LRFD 5.8.3.2
(Vimax Location) L
Vo =wg [E - xj = 20.03  kips AISC LRFD p 4-
190
WX
Mg=—2=(L-x)= 3241 ft-kips o0
At mid-span x=05L= 225 ft
(Mpox Location) I
Ve =wg (_ - xj = 0 kips wu
2
w.L?
Mg = (; - 2421 ft-kips "
Table 8-1: Stresses due to Girder Dead Load, o,
0.72h 05L
Top of girder ksi -0.079 | -0.587
Bottom of girder ksi 0.079 0.587
Back Tabl f nten
Concrete stresses due to Traffic Barrier (DC)
Weight of Traffic Barrier over three girders, wrgsg = B — 017  k/ft BDM 6.3.1B.2d
At d, x=072h= 156 ft
L :
VTB = Wy (— — xj = 3.49 klpS AISC LRFD p 4-
2 190
WX
M,, —%(L x)= 565 ft-kips "
At mid-span x=0bL= 2250 ft
L . unn
Vs = Wy [E — xj = 000 kips
WTB L2 . unn
M, = . 4219 ft-kips
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Table 8-2: Stresses due to Traffic Barrier, o1

0.72h 05L
Top of girder ksi -0.014 | -0.102
Bottom of girder ksi 0.014 0.102

(Back to Table of Contents)

Concrete stresses due to SIDL, Asphalt Overlay (DW)
Weight of Asphalt Overlay, wsry = 0.16  k/ft
At d, x=072h= 156 ft

L
Vo, = WSIDL[E - xj = 335 kips

Wenr X
M g, = % (L- X) = b42 ft-kips

At mid-span x= 05L= 2250 ft

L .
VoL = WsinL (5 - Xj = 000 kips

r :
M, = Ws% — 4050 ft-kips

Table 8-3: Stresses due to SIDL, opw

0.72h 05L
Top of girder ksi -0.013 | -0.098
Bottom of girder ksi 0.013 0.098
Back Tabl f nten
Concrete stresses due to Live Load
Dynamic load allowance: IM = 33%
Table 8-4: Live Load Force Effect:
Simple span [ Moment, ft-kips Shear, kips
0.72h 05L 0.72h 05L
HS-20 Truck 85.1 538.71 54.6 6.13
HS-20 Lane 217 162.00 13.4 0.00

Table 8-5: HL-93 Live Load, LL = HS-20 Truck(1+IM)+HS-20 Lane
Simple span [ Moment, ft-kips Shear, kips

0.72h 05L 0.72h 05L
13491 | 878.486 | 85.98 8.16

LRFD 3.6.1.2.1
LRFD 3.6.2.1

Page 5-B-116

Bridge Design Manual M 23-50
July 2005




Table 8-6: Distributed Live Load

Moment, ft-kips Shear, kips
0.72h 05L 0.72h 05L
46.62 303.59 | 40.50 3.84
49.34 321.30 4168 3.95

Simple span

Interior Girder

Exterior Girder

Table 8-7: Stresses in Girder due to LL+IM :

0.72h 05L

Top of Girder ksi -0.120 | -0.779

Bottom of Girder ksi 0.120 0.779
Back Tabl f nten

Summary of stresses at d, (Table 8-8)

Stresses, ksi Top of girder Bottom of girder
Weight of Girder -0.079 0.079
Weight Traffic Barrier -0.014 0.014
Weight of SIDL -0.013 0.013
Live Load plus Impact Service - T -0.120 -
Live Load plus Impact Service - ITI - 0.096
Back Tabl f nten

Summary of stresses at Mid-Span (Table 8-9)

Stresses, ksi Top of girder Bottom of girder
Weight of Girder -0.587 0.5687
Weight Traffic Barrier -0.102 0.102
Weight of SIDL -0.098 0.098
Live load plus impact Service - I -0.779 -
Live load plus impact Service - ITT - 0.623

(Back to Table of Contents)

9 Approximate Evaluation of Pre-Stress Losses
For Prestress losses in members constructed and prestressed in a single stage, relative

to the stress immediately before transfer, in pretensioned members, with low
relaxation strands, the Total Lump Sum Losses may be taken as:

Apr = AfpSR + A-prR +Apr + A-prS
_

—
Time Dependent Losses

Where losses due to Shrinkage (SR), Cracking (CR), and Steel Relaxation (R), can be
determined as a Lump Sum Estimate of Time Dependent Losses.

LRFD 5.9.5.1

LRFD 5.9.5.3

Bridge Design Manual M 23-50
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Time Dependent Losses
For normal weight concrete pretensioned by low-relaxation strands, approximate lump-
sum time dependent losses resulting from creep and shrinkage of concrete and
relaxation of prestressing steel may be used as follows:

For Voided slab with 270 ksi strands,

37{1 - 0.15@} = 3608 ksi

Losses due to elastic shortening should be added to time-dependent losses to
determine the total losses.

Time Dependent Losses =

(Back to Table of Contents)

Loss due to elastic shortening
The loss due to elastic shortening in pretensioned members shall be

E 2
o o

a

Concrete strength at transfer: fo'= 6.0 ksi
Modulus of elasticity, concrete: E. = b173.3  ksi
prestressing steel: E, = 28500.0 ksi

Stress due to prestressing and girder weight at Centroid of prestressing
strands, at section of maximum moment
Eccentricities of Prestress Strands

fegp =

C. G. of bottom strands to bottom of girder = 200 in.
C. G. of top strands to bottom of girder = 23.00 in.
C. G. of bonded bottom strands to C.G. of girder,e,, 11.00 in.
C. 6. of debonded strands to C.G. of girder, ey, = 11.00 in.
C. G. of all bottom strands to C.G. of girder, e}, = 11.00 in.
C. G. of top strands to C.G. of girder, e, = -10.00 in.
E = C. 6. of all strands to C.6. of girder = 7.18 in.
Back Tabl f nten
Concrete stress at Centroid of prestressing
Pi=NA,f,= 636.2 kips
2
£, =t e 125 ks
Ag Ié’
M e
fe = = 0.32  ksi
1
8
fcgp = fg + fps = -0.92 ksi

BDM Table 6.1.5
1

BDM 6.1.58

LRFD 5.9.5.2.3

LRFD Eqn.
5.9.5.2.3a-1&
BDM 6.1.58

BDM 6.6-A3-1

BDM 6.1.58
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Elastic shortening loss,

E
AprS = (ﬁjfcgp =

cl

5.09 ksi

(Back to Table of Contents)

Losses due to Steel Relaxation LRFD 5.9.5.4.4b
Steel Relaxation Loss at Transfer,
LRFD Eqn.
Apr] = %l:ﬁ - 0'55:|fpj 5.9.5.4.4qb-2
: fp.v LRFD Table
foy= 090 f,,= 243.00 ksi 5.4.4.1-1
Curing time for concrete to attain f'.; is approximately 12 hours.
Tendons are stressed shortly before concrete pouring and prestressing forces
transferred fo concrete shortly after curing. An approximate time of one day is
reasonable for steel relaxation loss calculation at transfer.
t= 100 day
fop = 0.80f,,= 2160 ksi
fpj = 0.75 fpu + Afpm = 2050 |ksi
Jacking Force
PJ’ = (fpj) (Aps) (Nps) = 690.1 kips
Py = (fp)) (Aps) (N,) = 564.6 kips Bottom Strands
By substitution :
Afpry = 2.53  ksi
Above relaxation losses not added to Time Dependent Losses, but will be used for
Service Limit State Total Transfer PS Losses, Section 10.
Total lump-sum losses,
Afyr = 38.64  ksi
(Back to Table of Contents)
10 Stresses at Service Limit State
Concrete stresses at mid-span
Force per strand P/ N = A (foui-Afpr) = 25.07  kips
Table 10-1: Mid-Span Prestress Force Effects
No. of |Force per Total | Eccent. |Moment
strands |Strand, kips force in. in-kip
Bottom Strands 14 25.07 | 350.98 11.00 3861
Debonded Strands 4 25.07 100.28 11.00 1103
Top Strands 4 25.07 100.28 | -10.00 -1003
P (kips)= 552 Mp(in-k) = 3961
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Prestressing stress at top of girder
_ P Mpx _ .
Fptop) = A + s 016  ksi LRFD 5.9.4.2.1
(Back to Table of Contents)
Final stress at top of girder
Stresses due to permanent loads plus prestressing :
fg(TopDL+PS) = -0.63 ksi
Stresses due to all loads plus prestressing :
fotroppLetiipsy = -1.41 ksi
Stresses due to Transient loads and one-half of permanent loads plus prestressing:
fottopLLe/anLepsy = -1.09 ksi
Back Tabl f nten
Compressive stress limit at service - I load combinations
Due to permanent loads (DL + PS): LRFD Table
feomp. =0.45 ' = -315  ksi > -0.63  ksi 5.94.21-1
Due to permanent loads and transient loads (DL + PS + LL):
feomp. = 0.60 ' = -420 ksi > -141  ksi g
Due to transient loads and one-half of permanent loads (LL + 1/2DL + 1/2PS):
feomp. = 0.40 ', = -280 ksi > -1.09  ksi "
Prestressing stress at bottom of girder
P M, .
Fothoriomy =—— ——2== -1.441  ksi LRFD 5.9.4.2.2
: Ac Sb
Back Tabl f nten
Final stress at bottom of girder
Stresses due to all loads plus prestressing :
fg(boﬁ‘om) = -0.030 ksi
Tensile stress limit at service - IIT load combination
LRFD Table
Frons = 0.0948, / fc' = 0.251 ksi » -0.030 ksi 5.9.4.2.2-1
fiens = 0.00 ksi > -0.030 ksi BDM Table 6.2.3
per WSDOT office practice 2
Back Tabl f nten
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Stresses at transfer
The prestressing force may be assumed to vary linearly from zero at free end to a
maximum at transfer length, ;.
The transfer length may be taken as 60 times strand diameter. LRFD 5.8.2.3
Iy = 60 X dgtrana/12 = 250 ft = 30.00 in. LRFD 5.11.4.1
(Back to Table of Contents)
Determination of prestressing losses at transfer
At transfer the losses that could be accounted for are elastic shortening and
steel relaxation only. Back Table of Conten
LRFD 5.9.5.2.3a
Total loss at transfer 5.9.5.4.4b
Afpy = Afpgs + Afppy = 7.62  ksi
(Back to Table of Contents)
Concrete stress immediately after transfer at d, from support
Prestressing forces at transfer = Ny Ays(fout - Afpy)
Force per strand, P/N = 30.2  kips
Table 10-2: Prestress Force Effects at Max. Shear Location, d,
No. of Force Total Eccent. [Moment
strands | k/stand kips in. in-kips
Bottom Strands 14 30.20 4228 11.00 4651
Debonded Strands 4 0.00 0.0 11.00 0
Top Strands 4 30.20 120.8 | -10.00 -1208
P, = 543.7 M= 3443
* At d, some of the strands are Debonded
Stresses due to weight of girder :
M, = 32.41 ft-kips
M
Stresses: Top of girder, Sg = -0.079  ksi
t
Bottom of girder, s _ 0079 ki
Sb
Prestressing stress at top of girder :
f, = My 064 ksi
A, S,
Final stress at top of girder : fottop) = -0.014  ksi
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Tensile stress limit in areas without bonded reinforcement :

£, =0.0948, | fc'i < 0.200 ksi > -0.014 ksi
Prestressing stress at bottom of girder :
f, = B My 433 ki
A, S,
Final stress at bottom of girder : fobor) = -1.25  ksi
Compressive stress limit in pretensioned components :
f.i=0.60f'; = -3.60 ksi > -125  ksi

(Back to Table of Contents)

11 Strength Limit State
Strength limit state shall be considered to satisfy the requirements for strength
and stability.

NZ(YiQi)<¢R, = R

Resistance factor 0 = 090 Flexural in reinforced concrete
o = 1.00  Flexural in prestressed concrete
¢ = 0.90 Shear
o = 0.75  Axial Compression

(Back to Table of Contents)

Flexural forces
Strength - I load combination is to be considered for normal vehicular load
without wind.

Load factors : Yoc = 125  Components and attachments (Girder + TB)
Yow = 150  Wearing surface (SIDL or ACP)
Yw = 1175 Vehicular load (LL + Impact)
Flexural moment = 1.0 [ 1.25 DC + 1.5 DW + 1.75 (LL+IM)]
M, = 9784  ft.-kips
Checked using QConBridge program,
| M, = 1836.0 ft.-kips [NG Mu No Check |

(Back to Table of Contents)

Flexural resistance
For practical design an equivalent rectangular compressive stress distribution of
0.85 f' overall depth of a = B;c may be considered.

Bp= 070 for f'.=70 ksi

LRFD 5.9.4.1.2

LRFD Table
59.4.1.2-1

LRFD 5.9.4.1.1

LRFD 5.5.4.1

LRFD Egn.
13.2.1-1

LRFD 5.5.4.2.1

LRFD 3.4.1
LRFD TABLE
34.1-1

QConBridge 101
145MuChk.qcb
Report p 4of 5

LRFD 5.7.3.1.1 &
5722
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The average stress in prestressing strands, f,;, may be taken as:

LRFD Egn.
= ¢ 5.7.3.1.1-1
fps - fpu(l_kZ}
fP,V
pu €5.7.3.1.1-1
Location of neutral axis :
For rectangular section without mild reinforcement :
c= Apsfpu + Asfy + A;f).
0.85f.Bb+kA,, Ton
dp
A;=A'.=00 with no partial prestressing considered LRFD 5.7.3.1.1
A= 275 in.2 Area of prestressing strands
d, = 2400 in. Distance from extreme compression
fiber to Centroid of prestressing strands.
By substitution : cl = 3565 in
OK for rectangular section
For T-section without mild reinforcement :
.- A futAS,+Af, —085f (b-b,)h,
0.85f.8b, + kA, I
dp
by = 2445 in
hs = 7.00 in
2= 0.52 in
c= 3565 in
a=f;c= 250 in <t
Average stress in prestressing steel : LRFD 5.4.4.1-1
c .
Sfps=Fpu| 1= k— 1= 258.8 ksi.
dP
Tensile stress limit at strength limit state, f,, = 2700 ksi
(Back to Table of Contents)
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Limit for reinforcement LRFD 5.7.3.3
Maximum reinforcement LRFD 5.7.3.3.1
The maximum amount of prestressing and non-prestressing reinforcement shall
be such that :

c LRFD Egn.
—<042 5.7.3.3.1-1
dl)

Where A d LRFD Egn.
' Sf.d +A fd,
d,=—" Spud) * A T,d, 573312
Apsfps + Asfy
Since A;=0.0
Then d.=d,= 240 in.
C .
q = 0.149 < 0.42 |OK Not overreinforced
¢ (Back to Table of Contents)

The nominal flexural resistance is primarily controlled by steel, however the behavior LRFD €5.7.3.7.2

of the section is based on the ratio of c¢c/de, Prestressed concrete members shall be

designed so that steel is yielding as the ultimate capacity is de, Distance from

extreme compression fiber to the Centroid of all tensile steel approached. This is

satisfied by ductility limit requirement se as: c¢/de < 0.42. If the ratio of c¢/de>

0.42, section is considered over-reinforced and LRFD Equations €5.7.3.3.1-1&2 must

Nominal flexural resistance LRFD 5.7.3.2.3
Nominal flexural resistance of a rectangular section may be determined by using
equations for flanged section in which case b,, shall be taken as b.

Under Reinforced Equations:

a=B,c= 2495 in.
a
Rectangular: M, = Amfps(dp _Ej = 1351  ft.-kips
. a .
T-shaped: M, = Apsfps(dp —E)+O.8 57 .(b=b,)Bh,(al2—h,12)=
1222 ft.-kips
M, = 1351 ft.-kips
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Over Reinforced Equations (applicable for Prestressed memebrs only):

Rectangular: M, = (0365, —0.088°)f . bd,’ = 3432 ft.-kips

T-shaped: M, =(0.368,-0.088")f" bd,’ +0.85f" (b=b,)h,(d, —0.5h,) =

3424 ft.-kips
M, = 3432 ft.-kips

Flexural resistance, M. = ¢ M, = 1351 > M, = 978 ft.-kips
(Back to Table of Contents)

Minimum reinforcement

The amount of prestressing and non-prestressing steel shall be adequate to develop
flexural resistance greater than or equal to the least 1.2 times the cracking
moment or 1.33 times the factored moment required by Strength Limit State 1.

Flexural resistance,

M, =¢M, 2= The Lessor of:  12M,. = 10275 ksi governs
1.33M, = 1301.3 ksi

* S
M, =S, (f,_ + fpé‘)_Md/m{_c_lJ

LRFD 5.7.3.3.2

1996 AASHTO

Sb 9.18.2.1
Beams are designed to be non-composite, therefore,
S, = Sp reduces the above equation to:
M:r :Sh(fr +fpe)
f,=024f. = 0.635  ksi LRFD 5.4.2.6
fre= -144  Stress at extreme fiber due to prestressing
M. = 856 ft.-kips
M.= 1351 >12Mcr= 10275 ft.-kips
(Back to Table of Contents)
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Development of prestressing strand 5.11.4.2

Pretensioning strand shall be bonded beyond the critical section for a development

length taken as :

5 LRFD Egn.
I, > K( Fu =5 ]db K= 16 5.114.2-1
f,s= 258.77 ksi
fre= 163.86 ksi
do= 050 in.
ld > 997 ft (Back to Table of Contents)
lq = 9.97 ft <1/2 Span L/2 = 22.50 IOK developed
12 Shear Design

Design procedure

The shear design of prestressed members shall be based on the general procedure of WSDOT Design

AASHTO - LRFD Bridge Design Specifications article 5.8.3.4.2 using the Modified SA:::ODL;T;

Compression Field Theory. 3/19/02

Shear design for prestressed girder will follow the (replacement) flow chart for LRFD WSDOT Design

Figure €.5.8.3.4.2-5. This procedure eliminates the need for 6 angle and B factor Memo, Shear

iterations. Design 6/18/01

(Back to Table of Contents)

Effective Web Width, b,, and Effective Shear Depth, d, S A
Effective web width shall be taken as the minimum web width, measured parallel to I
the nuetral axis, between the resultants of the compressive and tensile forces due
to flexure

b, = Net Web = Width - Voids
b, = 245 in.
Effective shear depth shall be taken as the distance between resultant of tensile LRFD 5.8.2.9
and compressive forces due to flexure but it need not to be taken less than the
greater of :  0.9de OR 0.72h.
d,=d,-a/2:= 228 in. governs
d, = 0.9de = 216 in. LRFD 5.8.3.2
d,=0.72h = 18.7 in.
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The location of critical section for shear shall be taken as the larger of 0.5 dv cot(6)
or dv from the internal face of support.

Since 6, the angle of diagonal compressive stress, is not known at this point,

use d, for shear force calculation.

use d,= 2238 or 190 f+
Back Tabl f nten
Component of Prestressing Force in Direction of Shear Force, V, LRFD Figure
The prestressing in PCPS Slabs are horizontal only, there is no vertical component C5.8342.5
V, = 0.00 kips
Back Tabl f nten
Shear Stress Ratio
LRFD Figure
v €5.834.25
== 0.0305
Where the Shear Stress (ksi) on the concrete is,
LRFD Egn.
V.=V, 5.8.2.9-1
" ob.d, 0.213 ksi
(Back to Table of Contents)
Where the
Factored shear force
Ve=Z(mivi Vi)
ni= 100 Limit state factor for any ordinary structure
Yoc = 1.25  Components and attachments (Girder + TB)
Yow= 150  Wearing surface (SIDL or ACP)
Yu-tm = 175 Vebhicular load (LL + Impact)
Girder, Vg = 19.7  kips
Traffic Barrier, Vy, = 34 kips
Voc= 231  kips
ACP Overlay, Vo = 3.3 kips LRFD 3.6.1.2.1
Viaam X DFyes = 417 kips Approx. (from 0.72h)
Shear force effect,
V. =1.00(1.25 Ve + 1.5 Vpw + 1.75 Vi 1.1m)
V, = 106.80 kips
(Back to Table of Contents)
fro i
" . L, LRFD Figure
If the (critical) section (for shear) is within the transfer length of any (prestress) C5.8.342.5
strands, calculate the effective value of f,,, the parameter taken as modulus of
elasticity of prestressing tendons multiplied by the locked in difference in strain
between the prestressing tendons and the surrounding concrete.
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fpo = 0.70f LRFD Egn.
5.8.3.4.2-3
x+d, e s
Sro ={ ; : }0.7 0f . governs, dv is within the transfer length of the
! prestressed strands
Where the distance between the edge of girder (or beginning of
prestress) and the CL of Bearing (BRG)
X =in. BDM 6.6-A3-1
accounting for bridge skew gives a long. distance from the face of girder as,
x= 500 in.
foo = 174.84 ksi
(Back to Table of Contents)
Longitudinal Strain (Flexural Tension), € x
The section contains at least the minimum transverse reinforcement as specified in WSDOT Design
Article 5.8.2.5. Longitudinal strain in the "web reinforcement" on the flexural o ElEar
tension side of the member, Desigh,
M 6/18/2001 &
{ 4 “+05N,+(V, -V ) - A,,sf,m} LRFD Eqn.
g, ==—" <0.002 5.8.3.4.2-1
! 2EA+EA,)
Where: Factored moment s not to be taken less than V,.d, LRFD 5.8.3.4.2
M,=Z(nivi M)
Ultimate moment at d, from support, M,
Girder, Mg=  39.1 ft-kips
Traffice Barrier, My, = 6.8 ft-kips
Mpc= 459  ft-kips
ACP (SIDL), Mpyw= 6.5 ft-kips
M_.amX DF et = 49.3  ft-kips  Approx. (from 0.72h)
Moment Force Effect,
M, = 1.00(1.25Mp¢ + 1.50Mpy + 1.75M 1 .1m)
M, = 1535  ft-kips= 1842.3 in - kips
(Back to Table of Contents)
Check which value governs:
Vid,= 2430.1 in- kips governs
M,= 18423 in- kips
Applied Factored Axial forces,
N, =| 0.00 |kips
Factored Shear,
V.= 106.80 kips
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Vertical Component of Prestress Forces,

V, = 0.00
Area of prestressing steel on the flexural tension side of the member,
Aps) = Nip X Aps = 214  in?

Prestress/Concrete Modulus of Elasticity Parameter
foo= 174.84 ksi
Modulus of Elasticity of Mild Reinforcement,
Es= 29000 ksi
Area of Mild Reinforcement in flexural tension side of the member,

As(boﬁom) = ns(boﬁom)As
Where there are No.bar's

As(bottom) = 0.80 in?

Modulus of Elasticity of Prestress Strands,

E,= 28500 ksi
Substitution gives,
€ = -0.0009549 < 0, so use the following Equation 3:
If the value of €, from LRFD Equations 5.8.3.4.2-1 or 2 is negative, the strain shall be

taken as:

Mu
|:d +0.5Nu+(‘/u_vp)_Apsfpo:|

v

E =
* 2EA +EA+EA))
Where:  Modulus of Elasticity of Concrete,
E.= 55878 ksi
Area of concrete on the flexural tension side of the member,
A.= 43041 in2
Substitution gives,
€ = -0.0000323 Equation 3 Governs
€ = -0.0000323 (Back to Table of Contents)
Determination of B and 0
Shear Stress Ratio of: 0.030 Isavalue just < 0.075
1000 x the Long. Strain:  -0.032 Isavalue just < 0.00
From Table 1: 0 = 21.80 deg.
B= 375 |
Back Tabl f nten

BDM 6.6-A3-1

WSDOT Design
Memo Shear
Design,
6/18/2001 &
LRFD Egn.
5.8.3.4.2-3

LRFD Table
5.8.3.4.2-1&
See Theta and
Beta Worksheet
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Shear strength LRFD 5.8.3.3
Vi = ¢V
Nominal shear strength shall be taken as:
Vo= Ve+r Vo+ V,
Shear resistance provided by concrete :
V. =0.03163/f b,d,
Shear taken by shear reinforcements :
Ve=Vp-Ve-V, LRFD 5.5.4.2
o= 090 for shear
V.= Nominal shear strength LRFD 5.8.3.4
(Back to Table of Contents)
Required shear strength LRFD 5.8.3.3
Nominal shear strength shall be taken as the lesser of :
LRFD Egn.
V,=V.+Vi+V, = 2882 kips governs 5.8.3.3-1
LRFD Egn.
V,=025f'bd, +V,= 9735 kips 5.83.3-2
Shear resistance provided by concrete :
LRFD Egn.
V,=003168\f bd, = 1744 kips 5833-3
Shear taken by shear reinforcement: shear reinforcing not
Vieq=V/o - V.-V, = -557 kips based on capacity LRFD Egn.
Spacing of shear reinforcements : 5.8.3.3-1
Try 2 legs of Av = 040 in?
LRFD Egn.
Required Spacing,  s,.., = A”f"'f/” oo _ -24.49 in. 5.8.3.3-4
(Back to Table of Contents)
Maximum spacing of shear reinforcement LRFD 5.8.2.7
if v,<0.125f', then Smax = 0.8 dv < 24-n- 18 in. Eqn. 5.8.2.7-1
Maximum spacing of shear reinforcement, WSDOT Practice = 18.00 in BDM 6.2.3E.3
if v,»>=0.125f'c then $<04 dv<12in. Eqn. 5.8.2.7-2
v,= 0.213 ksi
0.125f'c= 0.875 ksi>vy,= 0.213  ksi
Maximum spacing, spex = 18.0 in. OK
Governing spacing, s,,, = 18.0 in.
i Av(-pmvided) = 040 in? Assuming two #4 legs
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A, f.d, cot @ LRFD Egn.
V,=—"————= 7585 kips 5.8.3.3-4
Sgov
Shear reinforcement is required if : 0.5¢(V+Vp) < Vy LRFD Egn.
05¢(V+Vp)= 785 <«Vus= 106.8  kips 58.24-1
|  Yes, Shear/Transverse Reinf. Is Required |
(Back to Table of Contents)
Minimum shear reinforcement LRFD 5.8.2.5
When shear reinforcement is required by design, the area of steel provided,
bs LRFD Egn.
A omize 2 0.0316, =22 Use Spacing: 1000 in <= 180 in| 58251
y OK
where :
s= 100 in
Required Area of Steel,
-b,s
0.0316 /£~ = 034 in?
Iy
0.40 > 0.34 in? |OK for Min. Transverse Reinf. |
(Back to Table of Contents)
Longitudinal reinforcement LRFD 5.8.3.5
Longitudinal reinforcement shall be provided so that at each section the following
equations are satisfied :
LRFD Eqgn.
A f, + Amfp{d” J >T = M, + 05N, + [V— -0.5V, —V,,jcote 5.8.3.5?1
[, d.g 9 ¢
A= 080 in? BDM 6.6-A3-1
f, = 60.00 ksi
Aps = 2.14 in? Area of prestressing steel on the flexural tension
side of the member(w/o unbonded)
fis= 25877  ksi  fys multiplied by d,/I; ratio to account for
lack of prestress development
d, = 22.75 in.
Iy = 250 ft = 30.00 in
M, = 2025 ft-kips
= 1.00 Flexural in prestressed concrete
o= 0.90 Shear
= 0.75 Axial Compression
N, = 0.00
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Vo= 106.80  kips
Vg = 75.85  kips
V, = 0.00  kips
0= 21.80 degree
by substitution:
468.38 2 308.7 kips OK for Longitudinal Reinforcement
Back Tabl f nten
13 Deflection and Camber LRFD 5.7.3.6.2
Let downward Deflection be Positive +
Let upward Deflection, Camber, be Negative -
Deflection and camber calculations should be based on modulus of elasticity and
maturity of concrete.
Instantaneous deflection should be computed for the effect of all dead loads and
prestressing forces :
At 28 days: fle= 7.0 ksi
E. = 5587.8 ksi
At final (120 days): 1.0f'.= 7.0 ksi
E.(1.0f'.)= 55878 ksi
At release: fla= 6.0 ksi
E.= 5173.3 ksi
Deflection due to prestressing forces at Transfer
Deflection due to bottom strands is computed from a combination of fully bonded
strands and the partially bonded or "debonded" strands which are sleeved at the
ends of the girder. Each type has their own eccentricity.
Aps,,. = Aps,, + Aps,,
)=
Aps,, +Aps, =\P,,e,, +k, P, e, )——
DS, T APS ( bb€bb T KapLar€ap 8E I
Force and eccentricity due to the bonded bottom
prestress strands are:
Pbb = 42284 klps epp = 11.00 in
Reduction factor for the partially bonded or debonded strands
k, = L=2l, _ g2z RMP
L
The average sleeved length of the debonded strands,
lgp = 4.0 ft = 480 in BDM 6.6-A3-1
Force and eccentricity due to the debonded bottom
prestress strands are:
Psp = 120.81 Kkips eqp= 1100 in
ApShot. = -0.653 in. upward
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Deflection due to top strands is computed from :
Pe L’
Aps,,, =
8E 1.
Prestressing force and eccentricity of top strands.
P,= 120.8 kips e;= 1000 in.
ApSiop = 0.137 in. downward
Total deflection due to prestressing :
A= -0.65 + 014 = -0515  in. upward
Back Tabl f nten
Deflection due to weight of Girder
L4
A, = SL = 0.27 in. downward AISC LRFD
384E,; 1, page 4-190
(Back to Table of Contents)
Deflection due to weight of Traffic Barrier TB
4
_ W) L
" 384E.1,
A= 004 in. downward
0.00 in. (Back to Table of Contents)
Deflection due to weight of Wearing Surface SIDL
_ 5WSIDLL4
SPL384E 1
Asip. = 0.04 in. downward
(Back to Table of Contents)
Deflection (Camber) at transfer, C;
Deflection accounted at transfer are due to prestressing and weight of girder :
At transfer : A= -052 + 0.27 = -0.25 in.
i= A= 025 ln
(Back to Table of Contents)
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Final deflection due to all loads, Cr and Cr.sp,
Long term deflection may be taken as four times the instantaneous deflection
if calculations are based on the gross moment of inertia, Ig.
Long term deflection :
4xA=4( -05b2 + 0.27 )=
Using:
LA (long-term)= XA (elastic) X (¥ (1, ti)+1)
PS & Girder Long term Deflection
Find the Long term deflection (at 2000 days) due to Prestressing forces

and Girder Self Weight only, C.
C,= _l(APS + Ag )(lp(f,t,) + I)J

-1.00 in.

Creep Coefficient :

0.6
‘P(,z,) :3'5kckf(1-58— H jti_o.lls (l ti) _
” 120 10.0+(—1,)"

Factor for the effect of concrete strength,

k :;: 0.69

f '
0.67+[fc}
9

Factor for the effect of Volume-to-Surface ratio of the component
specified in LRFD Figure 5.4.2.3.2-1,

t
k. = W 1.8041.77¢7054V/5)
! 2.587
45+1
kc(T) = 0.70
kc(Ti) = 023

k(t-1) = 0.70

Assume 1 Day of accelerated cure by radiant heat or steam. 1 Day accelerated cure
= 7 normal Days of cure. Age of Concrete when load is initially applied,

t = 7 DAY
Maturity of Concrete,
t= 2000 DAY

LRFD 5.7.3.6.2

WSDOT

LRFD 5.4.2.3.2

LRFD Eqgn.
5.4.2.3.2-1

LRFD Egn.
5.4.2.3.2-2

LRFD (Eqgn.)
C5.423.2-1

LRFD 5.4.2.3.2

B.K.
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Volume-to-Surface Ratio,
V/s= 5.02
Volume = |hb - Vol,i4s
Actual length of the entire girder (endface-to-endface)
= 550.00 in.
Volume of Voids
Volyids = Avoidslvoid
End of Void is minimum distance of Ein. from end of girder. | BDM 6.6-A2-1
lvoig = 520.00 in.
Volysgs = 201337 in®
Volume = 485063 in’
Assume the voids are exposed to atmospheric drying, but with poor ventilation with Email 2
small drain holes on each end. Therefore use 50% of Void surface area.
LRFD 5.4.2.3.2
Surface Area = Agngs + Asides + Aropabot +1/2A 0ids
Area of ends that will account for Skew Angle if any,
Acas = 2496  in?
Aiges = 28600 in?
Asopabor = 52800 in?
1/2A,4s = 12824  in?
Surface Area= 96720 in?
H= 80 |average humidity EI; inbstlgl
by substitution :
¥ (4,1i): 112
LA (long-term)= A (elastic) X(¥(t,ti)+1)= -053 in. upward
C, =, s+A,NF,.,+1)]= 053 in upward
(Back to Table of Contents)
Find the deflection (at 120 days) due to Prestressing forces, Girder
Self Weight, Ciz04ays-
ClZDaktys = CF - [(Azb + ASDL X‘P(t,t,-) + 1]
Creep Coefficient for TB and ACP from 7 to 120 days:
0.6
W, =3.5kk, [1.58 _ A jt;‘)-“g =)
, 120 10.0+(r-¢,)
ke=  0.69
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Age of Concrete when load is applied,
fi = 7 DAY
t= 120 DAY

‘- 26eoss<tws>+, {1.80+1.77e°‘54w/3)}
t 2.587
45+1¢

Volume = 485063 in®

Surface Area= 96720 in®
V/s= 5.02
ke(ti)= 0.23
ke(t)= 044
ke(t-ti)= 043

H= 80  average humidity

by substitution :
¥ (1,1i)= 0.48

-0.37 in. downward

L A(long-term)= XA (elastic) X (W (1, ti)+1)=

Find the Long term deflection (at 2000 days) due to Prestressing forces, Girder
Self Weight, Traffic Barrier, and ACP (SIDL), Cr.sip. -

Crosipr =Cr —[(A, + ASIDL)(lP(t,t,) +1)]

Creep Coefficient for TB and ACP from 120 to 2000 days:

(=)

10.0+(t—1,)"

_ H -0.118
W,y =35k.k, [1.58 - E)ti
k= 0.69
Age of Concrete when load is applied,
t,= 120 DAY
t= 2000 DAY

t

| 26e9%75) 4y [1.80+1.77¢ 7054
o ' { 2.587 }
45+1
Volume = 485063 in®
Surface Area= 96720 in?
V/s= 502
ke(t)=  0.44
ke(t)= 0.70
ke(t-t)= 070
H= 80  average humidity

LRFD 5.7.3.6.2
LRFD 5.4.2.3.2

LRFD Fig.
5.4.2.3.2-1

BK.
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by substitution :
¥ (t,ti)= 0.79

LA (long-term)= A (elastic) X (¥ (1, ti)+1)= 0.07 in. downward
(Back to Table of Contents)

CF+S]DL = CF - [(Arb + ASIDL)(lP(z,z,) + 1)] = 0.46 in. upwar'd

Camber Summary

C= 025 in Upward P/S +slab DL
Cizodays = -0.37 in. Upward P/S + slab DL at 120 days

Ce= 053 in. Upward  P/S + slab DL at 2000 days
CrstpL= 046 in. Upward P/S + slab DL+TB+ ACP Overlay

(Back to Table of Contents)

N.T.S.

Camber, C -CsrpL = +AstpL

ACP at Piers

(Upward) Crua L

+ // T T T Crinal+sIDL
tamper, ¢ c. |

(Downward) : i
- < Nom. Span Length %
v i i
BRG BRG
ACP at Piers

ACP at Piers =| 3.46 |in.
(Back to Table of Contents)
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AISC LRFD Manual of Steel Construction (equation reference)
BDM WSDOT Bridge Design Manual, August 2002
B.K. WSDOT Bijan Khaleghi Concrete Design Specialist, 2002-2003
Email 1 Mel Hitzke Olympic Region Materials Engineer, 6/19/03
Email 2 Steve Seguirant of Concrete Tech, 6/04/03
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Section A Section Numbered in this Spreadsheet's Table of Contents
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Back Tabl f nten
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Design Example 6 Positive EQ Reinforcement at Interior

Pier of a Prestressed Girder

Bridge Geometry and Material Properties
Girder type W74G

Sg:=7 ft Girder Spacing

Sc =20 ft Column Spacing
Ng:=4 Number of Girders
Nc =1 Number of Columns
es ;= 86 in

eg:=42 in

ds =28 in

Skew_angle:= 30  degrees

Aps = 215 in2 per strand

fps == 270 ksi

fy = 60 ksi

T
Skew_angle := Skew_angle~ﬁ Skew_angle = 0.524

Top of the column Forces (from GTRSTRUDL):
Platic Moment, Mp (ft-kips)

Plastic Shear, vV, (kips)

Elastic Moment (R = 1), M, (ft-kips)
Elastic Shear, Veq (kips)

Moment due to SIDL, Mg (ft-kips)

Connection design forces and cg of superstructure

Radians

Mp := 12186
Vp := 1200
Meq = 12167
Veq = 1157
Msidl := 410

1.2 x (The lesser of plastic hinging or elastic EQ Forces)

Mc = 1.2[Min (Mp or Meq) + Min(Vp or Veq)*es] - Mgp.

Mc := 1.2-(Meq + Veq-%) ~ Msidl

Mc = 24140.6 (ft-kips)
Ve = 1.2[Min(Vp or Veq)]

Ve :=1.2-(Veq)
Ve = 1388.4  (kips)

Distributed forces to each girder @ cg of superstructure

DF=0.5ifL, =L,

Where L1 and L2 are the lengths of the Spans that are Supported by the girder
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Since L,=L,, DF := 0.5

N .
Mg = DF-Mc- — Mg = 3017.58 (ft-kips)
Ng
Bottom Strand Extension:
Mg-12 I
Aps_total := —— Aps_total = 3.548 mn
0.9-fps-eg
Number_of_strands := % Number_of_strands = 16.5
ps

Use 17 strands for bottom strand extension.

Vertical Diaphragm Stirrups
Mg

S d
- S -0.9-fy- a
cos(Skew_angle) 12

u =1 Coefficient of friction of normal weight concrete cast against hardened concrete

Av = Av = 2.963 in2/ft

Avf = Ve Avf = 1.909 in?/ft each side

(2- Sg-cos(Skew_angle)-fy- u)

Design Example : Positive Moment Connection for P/S Girder Bridges

Distance from Neutral axis of Girder to bottom strand of girder, d := 38 (in)

eg = 6.5 (ft)

Total Loads for the entire structure
Mp := 12186 (kip-ft)
Vp := 1157 (kips)

Per Girder Forces

M .

Mg = —2 Mg = 30465 (kip-ft)
Ng

Vg = Ve Vg =289.25 (kips)
Ng

Moment at Centroid of Crossbeam

Area of Steel for Strand Extension
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M-12

Aps_total := ——
0.9-fps-d-2

Aps_total = 3.201  in?

A I
Number_of_strands := —2o=0%
Aps

Moment for Fixity Reinforcment

S
Mf = (Mp + Vp-eg)-—C
Sg

Mf = 5.63x 10 (kip-ft)
Spacing, S :=5  (inches)

Mf-12
0.9-fy-S

Aps_totalF :=

Aps_totalF = 2502.41 (in?)

Number_of _strands = 15
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Design Example 7 Noise Wall Type D-2K (Precast Panel on Shaft)

This design is based upon:

®* AASHTO Guide Specifications for Structural Design of Sound Barriers - 1989 (including

2002 interim)

AASHTO Standard Specifications for Highway Bridges 17th Ed. - 2002
USS Steel Sheet Piling Design Manual - July 1984

WSDOT Bridge Design Manual
Caltrans Trenching and Shoring Manual - June 1995

This design doesn't account for the loads of a combined retaining wall / noisewall. A maximum of 2 ft of
retained fill above the final ground line is suggested.

Concrete Properties:

W, = 160-pcf

f'c := 4000-psi

W 1.5
f
E. = =1 33 —C_-psi
pcf psi

E. =4.224x 106 psi

fic — 4000 - psi
By = if (fc < 4000 - psi, 0.85 ,max(O.SS - M'O.OS,O.&))

1000 - psi

fp = 7.5~\/§-psi f, = 474.3psi
Reinforcement Properties:
Diameters: dia(bar) := [0.375-in if bar = 3 Areas: Ay (bar) =
0.500-in if bar = 4
0.625-in if bar = 5
0.750-in if bar = 6
0.875-1in if bar = 7
1.000 - in if bar = 8
1.128 -in if bar = 9
1.270 - in if bar = 10
1.410-in if bar = 11
1.693 -in if bar = 14
2.257-in if bar = 18
fy := 60000: psi
E = 29000000 - psi Std. Spec. 8.7.2

BDM 4.1.1

Std Spec. 8.7.1
Std Spec. 8.16.2.7
By =085

Std Spec. 8.15.2.1.1

O.ll-in2 if bar = 3
0.20-in2 if bar = 4
0.31-in2 if bar = 5
0.44-in2 if bar = 6
0.60-in2 if bar = 7

0.79- in2 if bar

=38

.2 .
1.00-in" if bar = 9
1.27~in2 if bar = 10
1.56-in2 if bar = 11
2.25-in2 if bar = 14

4.OO~in2 if bar = 18
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1
ﬂ\PTOP OF PANEL
pP——= 1 H
SIDE 1 h SIDE 2
y
S TSRS i _—TOF OF SHAFT
,B ‘y
A i
do
Y
P1 —-
] d
X1 1
z
r / Loy \
R1%d— 122*4/
FIGURE A: SHAFT LATERAL SOIL PRESSURES
Wall Geometry:
Wall Height: H = 24-ft H should be <= 28 ft
Half of Wall Height: h:=H-0.5 h = 121t
Shaft Diameter: b = 2.50-ft
Shaft Spacing: L = 12-ft

Wind Load (Guide Spec. Table 1-2.1.2.C):
WindExp := "B2" Wind Exposure B1 or B2 - Provided by the Region

WindVel := 90-mph Wind Velocity 80 or 90 mph - Provided by the Region

WindPressure (WindExp, WindVel) := | 12-psf if (WindExp = "B1" A WindVel = 80-mph)
16-psf if (WindExp = "B1" A WindVel = 90-mph)
20-psf if (WindExp = "B2" A WindVel = 80-mph)
25-psf if (WindExp = "B2" A WindVel = 90-mph)

"error" otherwise

Wind Pressure: Py, := WindPressure(WindExp, WindVel) Py, = 25psf
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Seismic Load (Guide Spec. 1-2.1.3):

Acceleration Coefficient
DL Coefficient, Wall
Panel Plan Area:

Seismic Force EQD (perp.
to wall surface):

A =029
f:=0.75

App = 4in-L + 13in- 16in

A__-w
EQD := max(A-f,O.l){%j

Factored Loads (Guide Spec. 1-2.2.2):

Wind = 1.3-Py,2-h-L

EQ := 1.3-EQD-2-h-L

P := max(Wind,EQ)
Soil Parameters:

Soil Friction Angle:

Soil Unit Weight:

Top Soil Depth:

Ineffective Shaft Depth:

Isolation Factor for Shafts:

Factor of Safety:
Angle of Wall Friction:

Correction Factor for
Horizontal Component of
Earth Pressure:

Foundation Strength
Reduction Factors:

Wind = 93601bf

EQ = 59111bf
P = 93601bf
0 := 38 deg
Y = 125 - pcf
y :=2.0-ft
d,=05-ft
L
Iso := min 3.0,0.08-i,—
deg b
Iso = 3.00
FS :=1.00
2
S,= §o¢ & = 25.333deg
HC :=cos(8) HC = 0.904
O, = 1.00 (Active)
q>fp =0.90 (Passive)

BDM 4.4-A2
Not on bridge condition

2
App = 5.44ft

EQD = 15.8psf

Factored Design load acting
at mid height of wall "h".

Provided by the Region
Provided by the Region

From top of shaft to ground
line
Depth of neglected soil at shaft

Factor used to amplify the
passive resistance based on
soil wedge behavior resulting
from shaft spacing - Caltrans
pg 10-2.

Guide Spec. App. C pg. 33

Guide Spec. 1-2.2.3
Guide Spec. 1-2.2.3
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REDUCTION FACTOR (R) OF K, 90.0 %, varay BUAGRE:

Big=+1
FOR VARIOUS RATIOS OF -5/¢ ag-g et T 4 Ble = +4
) )| _07|-08 |-05[-04|-03]02[-01]00] ™ V /| /
60.0 / /

978 | .962 |.946 | .929 | 912 | .898 | .881 | .864 50.0
961 |.934 |.907 | .881 | 854 | .830 | .803 | .775 /// /
939 | 901 | 862 | 824 | .787 | .752| 716 | 678 | 400 A
812 | B60 | .BO8B | .759 | .711 | .666 | 620 | .574
746 | 686 | 627 | 574 | 520 | .467
836 | .752 | .674 | .603 | 536 | 475 | 417 | 362 30.0

4_ /p=+2

S8V, Bl¢=0

8 5888 R8|a3
3
-]
-

718 | .600 |.500
0 I | | ' [ 4
" R ' A Blo =2
« H
> b M
2 sE 2 Blp=—4
w90 P / ’
a 80" ' &
W 7,0 [—RRRY, s -
Ry L e ). P
- | PASSIVE PRESSURE | 7 e e, i
§ 5.0 | Po* KoYH 12 By = By cou 8 P = P sin & /19,/ el blp=—-6
e NOTE: CURVES SHOWN ARE / a ]
L s st ) Z M o
o 40 FORS/¢ = ~1.0 > -
b | EXAMPLE: ¢ = 25°; f/¢ = -.2 I{/' o ]
blg=-3
E 30 [ K, ~RIKFORS/p=-1)  — /’ 4 4 - o v
o | R=.1 /_,(// ”/ L ke
w (K, FOR &/¢ = ~1.0)=3.62 | e L .
& 20} Ko = 711 x 3.62 = 250 /,4’///’ " ___.‘--’/
; // L] .--'"‘/
8 ‘ //4-// b= g A 8’1¢ =—9
i b1 iz et
o I e T
/ —
1.0 e e e e £ —
o s, = == e
g" 8 aﬁ: o R
§ ; \3 Fobtead.
g NS el
. BN ORER
w4 7 IR e R s W
e g TARE By - ™ -::><;-_3§1 =
. (‘ FAILURE o g = - i e
= 3 -\,"-—_ SURFACE et [, s R~ ‘::“ 5.:} Fosss
= V [ B g o I i 7 ] Sue
S A=} LOGARITHMIC el S bat o 04 Hﬂo-fs
1557 s SPIRAL L N = Big 3
s 2 —|ws e 3 \-...,_ ‘::*"-:\\l\.h ~ b0 [ Blo=+a
z oK DS I R S e
e -h.‘ =0
(] [ et ~] “—b=¢
= ACTIVE PRESSURE e § be e
P, =K TH3 /2
i P =B, cos’ \;::: Bi9 = -10
8 1 P, =P, sin 5{
0 10 20 30 40 45

ANGLE OF INTERNAL FRICTION ¢, DEGREES

Fig. 5(a) — Active and passive coefficients with wall friction (sloping backfill) (after Caquot and Kerisel?!)
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Side 1:

p
Backfill Slope Angle: Bgp = —atan(%] Bgp = —26.5651deg T?l =-0.70

Using the USS Steel Sheet Piling Design Manual, Figure 5(a):

For ¢ = 38 deg and B = 0 deg: For ¢ = 32 deg and B = 0 deg:
Ka=0.234, K, = 14.20, R, = 0.773 Ka = 0.290, K, = 7.85, R, = 0.8366
For ¢ = 38 deg and B4 = -26.5651 deg: For ¢ = 32 deg and B¢ = -26.5651 deg:
Ka = 0.190, K, = 3.060, Ry = 0.773 Ka = 0.230, K, = 1.82, R, = 0.8366
Active Earth Pressure Coeff: K, = 0.190 USS Fig. 5(a)
Passive Earth Pressure Coeff: Kpl = 3.060 USS Fig. 5(a)
Reduction for Kp: Rpl = 0.773 USS Fig. 5(a)
Active Pressure:
psf
0Py = Ky V' HC 0y 0Py = ZITt
Passive Pressure:
‘R 1-v-HC Iso 0
Kp] pl fp psf
P, = P, =722—
p1 FS p1 ft
Side 2:
Backfill Slope Angle: : 1 Ps2
ackfill Slope Angle: Bgp = —atan 5 Bgp = —26.565deg T =-0.70
Active Earth Pressure Coeff: K5 = 0.190 USS Fig. 5(a)
Passive Earth Pressure Coeff: K = 3.060 USS Fig. 5(a)
Reduction for Kp: Ry =0.773 USS Fig. 5(a)
Active Pressure:
sf
0P,p = Kap 1 HC 0y 0Py =21 th
Passive Pressure:
P 5 = P, = 722—
p2 FS p2 ft
Allowable Net Lateral Soil Pressure:
sf .
Ry = 0Py) — 0Py R = 70()th Side 1
sf .
Ry = 0Py = 0Py R, = 700pTt Side 2
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Depth of Shaft Required:

The function "ShaftD" finds the required shaft depth "d" by increasing the shaft depth until the sum of
the moments about the base of the shaft "Msum" is nearly zero. See Figure A for a definition of terms.

ShaftD(d,.P,R|,Ry.b,h.y) = [de O-ft
Mgm < 100-Ibf-ft

while M > 0.001-Ibf-ft

d < d+0.00001-ft
2 2
2 Ryd™ Rpdy  p
¢ .

dR+R) L 2 2 b

Ry-z:(d-72)
P —
R{-d+Ry-(d-72)

Pl (Rydy)-(d—dy—2)

P2« Rz-(d—do—z)2~

N | =

1
P3 « R2~(d— z)-xE

1
P4« Ry-d(z— X)E

Z+d—d0
2
2z+d-d,
3

X1 «

X2
X3 « z—E
3

X4 é-(z—x)

Mgy ¢ P-(h+y+d) + b (-P1-X1 — P2-X2 — P3-X3 + P4-X4)
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Check for 2 load cases. Case 1 has load P acting as shown on Figure A. Case 2 has load P acting in

the opposite direction.

Case 1:

d.| = ShaftD(d,,P,R{,Ry,b,h,y)

2 2
2 Rydep Rpdy p

T agRirR) L 2 2 b

. Ryzo1-(dey — 7))
U Ry +Ry(deq —71)

Pd.p = Rl'dcl'(zcl - Xcl)'

N | =

Case 2:

d¢ i= ShaftD(dy,P,Ry,Ry,b,h,y)

2 2
2 Ride;  Ryd

2T 4 (R Ry U 2 2 b

o Ryzep(den — 2c)
2 Rydep +Ry-(dep — 2)

1
P4 o = Rydey (260~ Xe0) >

d.; = 11.18ft
7. = 5.102ft
XCl = 1.797ft
2 pst

P4 ., = 129351t
cl ft

dep = 11181t
zep = 5.102ft
Xop = 17971t

2 pst

P4, = 12935t

Determine Shaft Lateral Pressures and Moment Arms for Controlling Case:

d:= max(dcl ’dc2)

. _ psf
R, = if (dp 2 d¢1.Ry.Ry) Ry = 7007~
2 2
R,-d” R..d
z = 2 | ao P 7= 5.102ft
d(Ry+Rp) \ 2 2 b
Ibf
Pl :=(R,d.)-(d-d. .-z Pl = 1953 —
( a 0) ( o ) ft
21 1bf
P2:=R,(d-d.—2z)"— P2 = 10901 —
a( ° ) 2 ft
1 1bf
P3 = Ra-(d—z)-x~— P3 =3825—
2 ft
1 Ibf
P4 :=Ry-d-(z- X)-E P4 = 12935?
t

Mgy = P-(h+y +d) + b-(-P1-X1 — P2:X2 — P3-X3 + P4-X4)

d=11.181t
. _ psf
Ry = if (dp 2 d1.Ry.Ry) Ry = 7005~
Ra~z~(d—z)
X =—- x = 1.797ft
Ry d+ R,y (d—2)
z+d-d,
X1 = — X1 = 7.892ft
2z+d-d,
X2 = f X2 = 6.962ft
X
X3 =z- g X3 = 4.503ft
1
X4 = ;(z—x) X4 = 1.1021t

Mgy = —0.13163 Ibf -ft
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Shaft Design Values:
The Maximum Shear will occur at the bolts or at the top of area 4 on Figure A:

Vhate = max(P, P4 -b, P4 o b) Vhaft = 32.34kip

The Maximum Moment in the shaft will occur where the shear = 0.

Assume that the point where shear = 0 occurs in areas 1 and 2 on Figure A.

Check for Case 1:

! 2 2-P
Scl1 = —d0+ dO +ﬁ Se1 = 2.808 ft

2 3
Mshafte1 = P'<h+y+d0+scl) —Ry-dybs.y = —Rpbs. -

Mshaftcl = 1521k1pft

N |~
|-

Check that the point where shear = 0 occurs in areas 1 and 2 on Figure A:

Checkl = if[ s < (dgj —dy —71)."OK","NG" | Checkl = "OK"
Check for Case 2:

/ 2 2P
Sco = —dO + dO + m Sco = 2.808 ft

31
g Mshafth = 152.09 klpft

Mghafic2 = P'(h ty+dy+ S02) - Rl'do'b'SCZZ'% —Rybsey
Check that the point where shear = 0 occurs in areas 1 and 2 on Figure A:

Check? := if[ ¢ < (dgp = dy — 7p) . "OK" ,"NG" Check2 = "OK"
Mghaft = maX(Mshaftcl ’Mshaftc2) Mhafe = 152.09kip-ft

Anchor Bolt and Panel Post Design Values:

Vbolt = P Vot = 9-36kip
Mpo; = P-(h +y) My = 131.04kip-ft

Panel Design Value (about a vertical axis):

Find Design Moment for a 1 ft wide strip of wall (between panel posts) for the panel flexure design

Wpanel = max[ Pw,maX(A-f,O.l).(4in.wC)] Wpanel = 25.0psf
2
W -L
— panel 3 Ibf - ft
Mpanel =13 3 Mpanel 585f—
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Panel Post Resistance:

Cl,, = 1.0in Clear Cover to Ties h, = 17in

p p

p
Check Flexural Resistance (Std. Spec. 8.16.3):

0f = 0.90

dia(bar )

dy = hpy = Clp, = dia(3) -

Ag = 2-Ap(bary)
Agty

a=———
0.85-f'e-byyy

a
M, = Agf, '(dpa_ Ej

0FM,, = 1457191bf -ft

Check3 := if (9F M, 2 My, "OK","NG")

Check Maximum Reinforcement (Std. Spec. 8.16.3.1):

b, = 10in Width of Post barp = 10

.y 0-85‘31'“( 87000 - psi j
b= ' o

fy 87000 p51+fy
p = &

bpardn

Check4 = if (p < 0.75-p},,"OK" ,"NG")

Check Minimum Reinforcement (Std. Spec. 8.17.1.1):

2
S = bpa'hpa
a : 6
Mep, = 1S,

Checks := if (0p My, > min(1.2:M .,

1.33-Mpoyq) » "OK" ,"NG")

Depth of Post

Per Design Requirements

Std. Spec. 8.16.1.2.2

dpg = 14.99in Effective depth
Ag = 2.54in”
a = 4.48in

M, = 161.91kip-ft

Check3 = "OK"

Py, = 0.029

p =0.01694

Check4 = "OK"

3
S, = 481.7in

M, = 19.04kip-ft

Check5 = "OK"

Check Shear (Std. Spec. 8.16.6) - Note: Shear Capacity of stirrups neglected:

0, = 0.85

f fe .
Vea =2 g-psrbpa-dpa

Check6 = if (¢, V oy = Vpop. "OK","NG" )

Std. Spec. 8.16.1.2.2

Vi, = 18.96kip

Check6 = "OK"
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Panel Post Base Resistance:

bpb = 9in Width of Panel Post Base barg =9 Per Design Requirements
hpb := 17.5in Depth of Panel Post Base

Check Flexural Resistance (Std. Spec. 8.16.3):

0p=10.9 Std. Spec. 8.16.1.2.2

dpb = hpp = 0.75in dpb = 16.75in Effective deptl
.2

AS = 2-Ab(barB) AS = 2in

A1
2= ——2— a=392in
0.85-f'e-bpy,
a .
Mn = AS'fy'(dpb - E) Mn = 147.89kip-ft

0pM,, = 133103 Ibf -ft

Check? = if (¢an > Mbolt , "OK" , nNGn) Check7 = "OK"

Check Maximum Reinforcement (Std. Spec. 8.16.3.1):

0.85-By-fe 87000 psi
f 87000 - psi + f,
y y
AS
p = p = 0.01327
bpb-dpb
Check8 = if (p < 0.75:p},,"OK" ,"NG") Check8 = "OK"
Check Minimum Reinforcement (Std. Spec. 8.17.1.1):
2
b.p-h
._ _pb pb B 3
5= T ¢ Sy, = 459.4in
Mp = £1-Sp M, = 18.16kip-ft

Check9 := if (0p My, > min(1.2:Mp, 1.33-Mp),"OK",'NG")  Check9 = "OK"

Check Shear (Std. Spec. 8.16.6) - Note: Shear Capacity of stirrups neglected:

0, = 0.85 Std. Spec. 8.16.1.2.2
Vo= 2 | psich o d V. p, = 19.07ki
= . —-DS1- . = .
cb psi R ) cb p
Check10 := if (¢ Vep 2 Vipopp."OK","NG") Check10 = "OK"
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Required Splice Length (Std. Spec. 8.25 and 8.32):

Basic Development Length (Std. Spec. 8.25.1):

O.O4-Ab(bar)~fy fy
(bar) := | max| ——,0.0004 - dia(bar)-— | if bar < 11

Lo .

basic F B psi
—-psi-in
psi

0.085~fy

fc .

—..psl
w, psi

0.1 l-fy

fc .
/ —.'pst
psi

"error" otherwise

-in if bar = 14

-in if bar = 18

IhasicA = 1basic(barA) lhasica = 402t
lpasicB = 1basic(barB) lpasicB = 3-16ft

Development Length (Std. Spec. 8.25):

For top reinforcement placed with more than 12 inches of concrete cast below (Std. Spec. 8.25.2.1):
ldA = lbaswA 1.4 ldA = 5.62ft
ldB = lbasicB' 1.4 ldB = 4.43ft

Required Lapsplice (Y):

The required lapsplice Y is the maximum of the required lap splice length of bar A (using a Class C
splice), the development length of bar B, or 2'-0" per BDM 5.1.2.D.

LapSplice := max(1.7-35 . 145 .2 ft) LapSplice = 9.56ft
Note: Lap Splices are not allowed for bar sizes greater than 11 per AASHTO Std. Spec. 8.32.1.1.

Checkl1 := if (bary < 11 A barg < 11,"0K","NG") Checkll = "OK"
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Anchor Bolt Resistance (Std. Spec. 10.56):
Violt = 93601bf
Moy = 1310401bf -ft

dbOlt :=1.0-in

2
_ Tdy
Apolt = 4

Fy := 30-ksi

FV = 18-ksi
. . L . . .
PanelAxialLoad := (41n-5 + 13in- 101n)~(2-h +y- 31n)~wC

o PanelAxialLLoad

: f, = 3.81ksi
a a
4 Apolt
A%
bolt
= — f, = 2.98ksi
4Apolt
Checkl2 := if (f, < F,,"OK","NG") Checkl2 = "OK"
M
bolt 1
L -1, f, = 7035 ksi
13.5in 2Ab01t
fV
Ftl = if F_ < 0'33’Ft’Ft' Ftl = 30ksi
\4
Checkl3 := if (f, < Fyy,"OK" ,"NG") Check13 = "NG"

VbOlt = 936k1p

My = 1572.48kip-in

Per Design Requirements
_ 2

AbOlt = 0.7851in

Std. Spec. Tbl. 10.56A for A307

Std. Spec. Tbl. 10.56A for A307

PanelAxiallLLoad = 11.959kip

Axial Compressive
Stress

Shear Stress

Tensile Stress

Std. Spec. 10.56.1.3.3
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Design Summary:

Wall Height: H = 24ft
Required Shaft Depth: d = 11.18ft
Maximum Shaft Shear: Vhafe = 323391bf
Maximum Shaft Moment: Mgpafe = 152094 1bf -t
Maximum Shaft Moment Accuracy Check (Case 1): Checkl = "OK"
Maximum Shaft Moment Accuracy Check (Case 2): Check2 = "OK"
Bar A: bar, = 10
Post Flexural Resistance (Bar A): Check3 = "OK"
Maximum Reinforcement Check (Bar A): Check4 = "OK"
Minimum Reinforcement Check (Bar A): Check5 = "OK"
Post Shear Check (Bar A): Check6 = "OK"
Bar B: barg =9
Post Flexural Resistance (Bar B): Check7 = "OK"
Maximum Reinforcement Check (Bar B): Check8 = "OK"
Minimum Reinforcement Check (Bar B): Check9 = "OK"
Post Shear Check (Bar B): Check10 = "OK"
Lap Splice Length: LapSplice = 9.558 ft
Lap Splice Allowed Check: Checkll = "OK"
Bolt Diameter: dpyo¢ = lin
Anchor Bolt Shear Stress Check: Check12 = "OK"
Anchor Bolt Tensile Stress Check: Check13 = "NG"
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Define Units:  ksi = 1000-psi kip = 1000-1bf kef = kip-ft_3 KkIf = kip-ft_1

plf = Ibf £ psf = Ibf-f 2 pef = Ibf -
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Design Example 8 Construction Reinforcement in Crossbeam

Material Properties
Height of the crossbeam, h := 48 (in)
Fillet := 3 (in)
Ts :=7.5 (in)
Distance below top construction jo int in Crossbeam, d_joint := 3
Distance from Centroid of Tensile Reinforcment to Farthest Compressive Fiber,
d :=h—Fillet—Ts — d_joint (in)
d :=34.5 (in)
Width of Compression Flange, b := 30 (in)
Moment of inertia of the Crossbeam during construction, I := (l—lzj-b'(h)3 I =276480 (in¥
Compressive Strength of the Concrete, f°c := 4.00 (ksi)
B1 :=0.85 for 4.00 ksi concrete
Yield Strength of the Reinforcing Stell, fy := 60 (ksi)
Resistance Factor, ¢ :=0.90
Weight of Concrete, wc := 0.160 (kcf)

Bridge Geometry
Length of the Crossbeam, L _crossbeam := 55
Number of Columns supporting the crossbeam, N_col :=2

Col_spacing :=25.0
L_crossbeam Col_spacing
2 2

Critical Moment Location form Left End of Crossbeam, Crit_L :=
Crit L= 15ft

Girder Overhang, G_o =5 (ft)

Girder Spacing, G_s := 7.5 (ft)

Traffic Barrier with unit weight of Wtb := 0.980 kif located at end of crossbeam.

The design moment for construction reinforcement shall be the factored negative dead load
moment due to the weight of the crossbeam and adjacent 10 feet of superstructure.

Calculation of Dead Loads of crossbeam and adjacent 10 feet of superstructure.

h‘bj We = 1.6(klf)

Distributed weight of crossbeam, W¢ = wc - E_
144

Distributed weight of adjacent 10 feet of slab, Ws:=wc - (%} 12 Ws=1 (klf)

A_girder := 2.59 (ft2)
Weight of Girder, Wg := A_girder-wc-10
Wg =4.144 (kips)

Bridge Design Manual M 23-50 Page 5-B-157
July 2005



The Weight of the girder is applied at a distance, L1 := 10ft and L2 := 2.5ft away from the
column support. (from bridge Geometry)

Weight of traffic barrier, Wtb := Wtb-10
Wtb = 9.8 (kips)

Calculation of Design Moment

L2
Crit_L

Moment due to weight of crossbeam, Mc = ‘We Mc = 180 (kip-ft)

Crit_L2

Moment due to weight of slab, Ms := Ws Ms = 112.5 (kip-ft)

Moment due to Girders, Mg := Wg-(L1+ L2) Mg=51.8 (kip-ft)

Moment due to Traffic Barriers, Mtb := Wtb-Crit L Mtb = 147 (kip-ft)

Total Factored Negative Design Moment, Mu := 1.25-(Mc + Mg + Ms + Mtb)
Mu = 614.125 (kip-ft)

Calculation of Required Steel
Number of Bars, N_bars := 6
Rebar Size, Bar_size := 8

2
= 1 = 1 2
Area of Bars, As : (Bar1_651ze] -N_bars As =4.712 (in*)

. . fy As
Height of compressive stress block, a ;=

Sosstep 27 2.772 (in)

Mr ::M(d ) ij Mr=702207 kipft > Mu = 614.125 (kip-ft)
12 2

Check Cracking Requirements
Vi (E) Yt =24 (in)

2
Mer = %\/Tc% Mer = 460.8 (kip-ft)
Factor := 1.2-Mcr Factor = 552.96 (kip-ft)

Since Mu >= 1.2 Mcr, the top of the Crossbeam is not going to crack during Construction.
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Design Example 9 Stut and Tie Design

F-ur » T |
[ i
| sk
B i L I e o '-\-\.—I__
! .'"r \H.'.IL i |
— | -I'l:_' lI - .I -— = e L s
"WI'.I % f [1s]
| LR O T - e il <
§'-5" <
PLAN - PIER CAP
0
o

4’0"

/
24

{ f'e = BOOO PE.S

ELEVATION - PIER CAP

Diesipn Loads

GroupL Py = 1600F H=i

Group VIE  Po= 1500 H = 400¢

Azznme crossheam desd load = incloded with bearing loads,

Tlez Section 12.4 of AASHTO'  Guide Specifications for Design and Constraciion of Segmental Cancrete Bridges,
1930,
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Develop a Preliminary Strot-and-Tie Model:

1woc” ‘ 1wod” ‘ 800" fj
=t
'ﬂx > E
1 g
! "'-1- __.-"" ::‘
;
T IR " | 72 ey o
I n -
., i 40 0 - gz
x“-.ff ________ : 5 -"'I _‘..--’f#"f
zaco”  zdoc” il
STRUT & TIE DIAGRAM

" Estimate nodz size at top of eolumn:

b (fon Aen) = Su
Assuming spiral reinforcement provides confinement, uss dis= 0.75 and fm = MBS fe

075 (085 = 5] Am = 2400
A z 733 i
Uga the fiollowing naode size at the iop of columne

] 753 in*
3 7
¥y}
Kiy
18%] Lo
NODF SIZE AT TOP OF COLUMN
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Determing Truss Element Forces:

fﬁG‘G‘k

915" . /\/ A
.333 INCLINED STRUT

200"

Groop I Strut Lomds

Crhetermine Mizimom Sizes of Mode Reginos:

b (Fmy A} 2 5. where e = .70 i bearmg
fm = 0.5 ['; in regions with compression only
fon = OU70 £ in repions with ane wengion te

Al base of inclined strut,

- T {085 x 5) Am = 2,550

Aen = B3 D

depth of node = % = 1217 2" = 1217

where width of crosshbeam = 727

i 259 » .
At top of inclined stat, Ao = TT"ET—(IIJTU = 5 = 1,060 in
depah of node = -'-,:,;'5'% S W (T2 % M)
T 1,608 o .9
For 1,600 chunl: Ac 2 gomtoe—— = 538 in
538 e
drpth of node =2 = 75
Far$15% chord: Ae = —oo— (538) = 304 in°
' 1600

depth of node S = 437

f

: lmm“
W
1978+ 400
— s00"
'\f.
i
Al
o

Group ¥II Strul Loads
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Determine Minkmum Sizes of Compression Members:

B oy Az) 2 5o (ioclined compressive siruls)

$r (085 F; Acc + A% F) 2 8u {coropression choeds)
For 2,596 inclined compressive strut:

0.85 (045 % 5) Ag = 2596 (o = 0450

A 2 ﬁﬁ = 1357Tin’
and depth of strut = L35T _ 1E.%1n.
.12

Far 915 inclined compressive strut:

213

An 2 e (1357) = 478 e

and depth of strat = 2 = 66

For 1,600F compression chord:

1.6 %
Az —r—— =41}

09 (0,85 (5) -
and depth of chord = % = 58,

) Incorporate Node and Member Sizes Into Model:

|

— —

AR

*
E67 MIN. b

g'=3° (x)
—
T

l 43" MIN. ' e

- — : I. = L | -,\
f‘% i il 1217 MIN.
= 1 78, ra”
rAIN
7'-g" (1)

A

STRUT & NODE GEOMETRY
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Becabeulabe Truss Member Forces: =

! K
w00 1500
"
i 2240 o .:rmk
a/
/ \ 7E
LAk
Grouap I Strul Loads Group VIT Strut Loads
Desipn Tic Member:
tr (A Gy + A [*m) 2 5o
wlithoat prestess: 090 (A (600 = 2,240
A; = 41.51°
Try using 12 bundles of #14 top and #11 bat (A = 45.7in’)
Chock development length of de bars:
For #14 bers with [ = 5000 psi, Iam = 2'-5°
- Development length available = 2° - 4% < 27— 5%
For #11 bars, fan = 1'—5 ok
Therafore, totz]l developed steel & = 12 (1.56) + 12(2.23) [%]
Ay = 480" > 415" ok
o I
)cll T #14 (‘4 [ t |
e e o
1 L - EEI | \\“
#4O )
<= 5 :
I {
A 4 ,
1 = =4" 2
i
Fartial Elevation-Tengion Tie at Top of Piar Cap
e 12 i2.25) {3_’._?'15-]-&;-712 (1.56p (3071 _ L3 = 4% esti g
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Dedermine Minimum Vertical And Horlzontal Stecl Usin,g: Sechons-12,53.2 and 12.5.3.3.
For ventical reinforcing: A fy = 1207w 5

WTLEFE.E-:EMIT

3
Therefors, A, 2 =it = (002 bw &
" T RO by s

Assume 4 legs of #6 stirups: As = 1.76in°

Loy A 176
C002 by QLUOGZ (72)

5% 12200 ,

4 _ T2 - 437
4 4

Check = 1697
Therefore, ose 4 #6 legs al 127 maximun spacing.
For hwizontal reinforcing: Aqfy =2 120 bw s

w]:m:s‘c%urlz"'

Forg = 12%, Ag = 0002 (72) (12} = 173 40% {2 — #9 bars)
Try 2 #5 hare A, = 1.58 in®

.
25 o 1)

Usz #8 bars at 11* maximom spacing on side faces,
For bottom bars, use #6 at approximately 127 (7 - #6 bars)

= 110"
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Design Example 10 Crossbeam Shear and Torsion Design

Given: Pier Crossbeam with Length, Lc¢ := 35.4ft and with two Columns support, each with
centerline 8.5 feet from the end of crossbeam.

Factored Shear, Trosion, and Axial Force:
Vu :=778.3 (kip)
Tu := 722 (kip-ft)
Factored Axial force taken as positive if Tension, Nu := 0 (kips)
Concrete Class 4000. F'c := 4.0 (ksi)
Reinforcing Steel, Grade 60, fy := 60 (ksi)
Modulus of Elasticity, Es := 29000 (ksi)
Unit Weight of Concrete, wc := 0.160 (kcf)
Depth of Crossbeam, D := 48 (in)
Width of Crossbeam, W := 72 (in)

wC .
Weight of girder per foot, Wg := D-W-wc We = D'W'—l m Wg =3.84  (kip/ft)
M 9199 (kips/f)
Lc
Tu .
— =204  (kip-ft/ft)
Lc

Calculate the Required Longitudinal Rebar Requirements

Negative Moment Reinforcement
Factored Negative Moment at Columns, Mu := 2500 (kip-ft)
Size of Negative Moment (Top Bar), Barsize t:=9
Area of one Bar Reinforcement, As :=1 (in2)
Required Cover for Steel Reinforcing, Cover := 3 (in)
d := D - Cover — %;e_t d =44.44 (in)
b:=W b =72 (in)
Number of Bars Used For Negative moment reinforcement, Nbars := 14

Total Area of Steel, Ast := Nbars-As

Ast-f .
a= — ) a=3.43 (in)
0.85-fc-b
Resistance factor to Moment, ¢ := 0.90
. 0-Astfy a _ .
Flexural Resistance, Mr := 0 d- 5 Mr =2691.47 (kip/ft)
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Positive Moment Reinforcement

Factored Negative Moment at Columns, Mu := 1392 (kip-ft)

Size of Negative Moment (Bottom Bar), Barsize t :=8

Area of one Bar Reinforcement, As = 0.7853 (in?)

Required Cover for Steel Reinforcing, Cover := 3 (in)

Barsize_t .

d:= D—Cover—l—6 d=44.5 (in)

b:=W b =72 (in)

Number of Bars Used For Negative moment reinforcement, Nbars := 10

Total Area of Steel, Ast := Nbars-As

= S 21,92 (in)

0.85-fc-b
Resistance factor to Moment, ¢ := 0.90
. 0-Astfy a . .

Flexural Resistance, Mr := T d- 5 Mr = 1538.55 (kip-ft)
Calculation and Introduction of Torsion Effects

Number of legs of Closed transverse Torsion reinforcing, N legs :=4

Bar size of Stirrups, Bss :=5

2
. . B
Area of one leg of Closed Transverse Torsion reinforcement, At := (ﬁj ‘T

Minimum Cover Requirements, Cover := 2.5 At=0.307 (in?)
Perimeter of the centerline of the closed transverse torsion reinforcement, Ph
ph :=2-(w-Cover) +2*(D-cover) ph =230 (in)

Area enclosed by centerline of exterior closed transverse torsion reinforcement, including area of
holes, if any, Aoh := (W-2-Cover)(D-2-Cover)

Aoh = 2881 (in2)
Area enclosed by shear flow path, including any holes, Ao := 0.85-Aoh
Ao = 2448.85 (in?) per C5.8.3.6.2 of AASHTO LRFD

For combined shear and torsion, €x shall be determined using Equation 5.8.3.6.2-2 of AASHTO
LRFD, with Vu replaced by:

2
Vu =+ Vu? +(%) Vu = 778.898 (kips)
- A0

Component in the direction of the applied shear of the effective prestressing force; positive if
resisting the applied shear, Vp

Since their is no prestressing inthe crossbeam, Vp :=0
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Effective Shear Depth, Shall be taken as the greatest of the following per AASHTO LRFD

5.8.2.9
dv:=0.72'D dv =34.56 (in)
dv = 0.9-d dv = 40.05 (in)
dvi=d- % dv = 40.05 (in)

dv =43.54 (in)
Resistance factor for shear, ¢ :=0.90
Effective Web Width, bv := 90 (inch)

The angle 0 shall be as specified in either Table 5.8.3.4.2-1 or Table 5.8.3.6.2-2, as appropriate.
with the shear stress, v, taken as for box section:

Vu—-¢-Vp Tu-ph
V= +
d-bv-dv  ¢-Aoh’

v =10.243 (kis)

f'L =0.061 Guess a value of €x :=.001
c

From Table 5.8.3.4.2-1 of AASHTO LRFD,
0 :=36.4 (degrees)
p:=223
Calculate ex from Equation 5.8.3.4.2-1 of AASHTO LRFD and compare to guess.

Since there is no prestressing inthe Crossbeam:

Aps =0 (in?)
fpo := 0 (ksi)
Eps := 285000 (ksi)
Mu +0.5-Nu+ 05-(Vu=Vp) _ Aps - fpo
dv yis
tan(lSO : 9)
eX = ex =0.0123

2-(Es-As+ Eps- Aps)

Try again with a new value of ex =.00125
6 :=38.6 (degrees)
B:=2.09

Mu+0.5'Nu+0.5-(Vu—Vp)

dv tan(lgo . 6]
EX = ex =0.01141
2-(Es-As+ Eps- Aps)

— Aps - fpo
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The nominal Shear resistance, Vn, shall be determined as the lesser of:
Vn=Vc+Vp+Vs
Vn=0.25fcbvdv+Vp

Vn 1 :=E Vn_1 = 865.44 (kips)
Vn 2 :=0.25fc'bv'dv+Vp Vn_ 2 =3918.39 (kips)
Vn:=Vn_l1 Vn = 865.442 (kips)
Shear Resistance Provided by Concrete, Vc:=0.03 16Jf'c-bv-dv  Vc=247.64 (kips)
Shear Resistance Provided by Stirrups, Vs :=Vn - Vc - Vp Vs =617.8 (kips)
Av :=AtN_legs Av = 1.227 (in?)

Required Spacing of Transverse Reinforcing, g:=

Check Spacing Requirements
Check the minimum Transverse Reinforcement per AASHTO LRFD 5.8.2.5.

bv- .
Av = 0.0316-«/&:-% Av=0616 (in?)
y
Steel Provided, As_prov := At-N_legs As_prov = 1.227 (in?) OK

Check the maximum spacing of the transverse reinforcement per AASTHO LRFD 5.8.2.7

If v, < 0.125 f'c then:

Smax = 0.8d, <24 (in) (5.8.2.7-1)
If v, > 0.125 f'c then:
Smax = 0.4d, < 12 (in) (5.8.2.7-2)

The supplied spacing meets the minimum required spacing.

The nominal torsional resistance shall be taken as per AASHTO LRFD 5.8.3.6.2:
o o 04 ACALfy
" ( n j Tn = 31274.33(kip/in)
s-tan| 0-——

The transverse reinforcing for shear meets the requirements for the required torsional
resistance.

Check Longitudinal Reinforcement

2 2
M S5 1 \% A45-ph-T
Asfy = ; + 0-5Nu + L/(—u —0.5~Vs—ij +(%) }
¢-dv 0 canl 0.2 ¢ “Aod
180

(Ast+ Asb)-fy = 1311.18 (kips) > Asfy = 733.016 (kips) OK
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Design Example 11
Reinforced Concrete Beams

Concrete Properties:
f’c :=4-ksi

Reinforcement Properties:

Bar Diameters: Bar Areas:

dia(bar) :=| 0.375-inif bar =3
0.500-in if bar = 4
0.625-in if bar =5
0.750in if bar = 6
0.875:inif bar =7
1.000-in if bar = 8
1.128:in if bar =9
1.270-in if bar = 10
1.410in if bar = 11
1.693-in if bar = 14
2.257-in if bar = 18

fy = 40-ksi
Eg :=29000ksi
Ep = 28500ksi

LRFD 5.4.3.2

barpT:=18 Longitudinal -Top

barpg :=18  Longitudinal -Bottom

barr ;=6 Transverse

diT:=dia(barrT) drT=2.257in ALT :=Ap(barrT) ALT= 4in?
di B :=dia(barp.B) drB=2.257in ALB :=Ap(barLB) ALB= 4in?
dt := dia(bar) d1=0.75in AT = Ap, (bar) At = 0.44in2

Beam Section Properties:
b :=37in
h :=90in
bottomcover := 1.625-in
sidecover :=1.625-in

topcover :=1.625-in

Factored Loads:

Vy :=450kip
Ty = 500-kip-ft
My := 0-kip-ft
Ny :=0-kip

Ap(bar) =

LRFD 5.4.4.2 for strands

Torsion and Shear Capacity of

0.11'in2 if bar =3
0.20-in2 if bar = 4
0.31'in2 if bar =5
0.44-in2 if bar = 6
0.60-in2 if bar = 7
0.79-in2 if bar = 8
1.00-in? if bar = 9
1.27-in? if bar = 10
1.56+in? if bar = 11
2.25+in? if bar = 14
4.00-in? if bar = 18
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Torsional Resistance:
The factored Torsional Resistance shall be: LRFD 5.8.2.1
Tr=¢Tn
Torsion shall be investigated where:

Tu > 025¢Tcr

¢:=0.90 For Torsion and Shear LRFD 5.5.4.2
Acp=bh Acp = 3330in?
Pc = (b +h)-2 P¢=254in

fpc = 0-ksi

T, = 10914kip-in

Tg, = 909.5kip-ft

0.25-¢-Ter = 204.6kip-ft
Ty >0.25¢Ter=1 Torsion shall be investigated.

For a section subjected to combined Shear and Torsion:

| d
T
pp =2 |:b -2 [Sidecover + 7j:| + (h — topcover — bottomcover — dT):|

pp = 238in

I d
T
Agp=|b-2 (Sidecover + 7) :| (h — topcover — bottomcover — dT)

Aoh = 2838in?
Ao :=0.85-Aoh Ao = 2412.3in2

Adjusted Shear for calculation of &:

Vst =

2
v, + 5 Vust = 522.9Kkip LRFD 5.8.3.6.2-2
(V)
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0 :=36.4-deg Assume to begin iterations

de :=901n - 30in de = 871n LRFD 5.8.2.9
dy := max(0.9-deg, 0.72-h) dy=78.3in
by:=Db by =37in
Vp = 0kip No Prestress Stands
Aps = 0-in2 No Prestress Stands
As:=4-ALB As=16in2  For 4 #18 bars
fpo = 0-ksi
M, LRFD 5.8.3.4.2-2
L—V +0.5Ny +0.5(Vyg = V) cot(6) - Aps-fpo}
e 1000=0764  EgA +E A
Voo Vp) [Ty )’ LRFD 5.8.3.6.2-4
Vg = ( obd j +[ 2J v, = 0262ksi S
v v o-Aqp
% = 0.065
From Table 5.8.3.4.2-1, Find 3 and 6
0 :=36.4-deg Value is close to original guess. OK
B:=2.23
Torsional Resistance:
At :=AT At = 0.44in?
s :=5-n Spacing of Reinforcement resisting Torsion
2-Ag Apfy-cot(8) - o
T, = - Tn =23035 kip-in LRFD 5.8.3.6.2-1
Tn = 1920 kip-ft
Tr:=¢'Th Tr=20731 kip-in LRFD 5.8.2.1
Tr = 1728 kip-in
Tr>Ty=1 OK

Shear resistance:

The factores Shear Resistance shall be: LRFD 5.8.2.1
Vi = ¢'Vn

f'c . .
V. = 0.0316-B: /E-bv-dv-km Ve = 408.3 kip LRFD 5.8.3.3
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o :=90-deg
Ay = AT Ay = 0.44in?
s:=5n Spacing of Reinf. resisting Shear

~ Av-fy-dv-(cot(e) + cot(oc))-sin((x)

VS:

Vs =373.8 kip

S

Vi := min(V¢+VstVp, 0.25-fc-by-dy+Vp) Vn=782.1 kip

Vr=¢-Vn Vr = 703.9 kip

Vi > Vy =1 OK

Check for Longitudinal Reinforcement: LRFD 5.8.3.6.3
fps := 0-ksi

ASfy+ApSfpS =640.0 klp

2 2
M, 05N v 0.45-p, T
= — 4+ cot(6)- (?“ ~05-V - vpj + (—“] = 469.7kip

¢-d, 2A0

640.0 kip >= 469.7 kip OK
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Design Example 12 Strain Compatibility Approach for Flexural Capacity

Materials: Cast- in-place Slab
Actual thickness, tc = 8.0in
Structural thickness, height slab :=7.5in
Concrete Strength at 28 days, f’c_slab := 4.0ksi
Precast Beams: AASHTO - PCI Bulb Tee
Concrete Strength at 28 days, f’c_beam := 6.5ksi
t top_flange :=42in
Prestressing Strands: 1/2” Diameter, Seven Wire, Low Relaxation
Area of One Strand, Area_bars 0.153in2
fpu = 270ksi
Yield Strength, fpy := 0.9fpu fpy = 243ksi =
Stress Limits for prestressing strands:
At Service Limit State (after all losses) , fse < 0.80fpy = 194.4ksi
Modulus of Elasticity, Eps := 28500ksi
Total Number of Prestressing Strands, num_bars := 48

Centroid of Prestressing Strands above bottom of Girder,
center prestressing_strands 6.9in

Non Composite Section Properties
h beam := 72in

Step 1 Assume a neutral axis depth ¢ and substitute in the equation below to obtain
the corresponding strain in each steel layer “i”. A layer “i” is defined as a group of bars
or tendons with the same stress-strain properties and effective prestress, and which can
be assumed to have a combined area with a s ingle centroid.

di= Depth of steel from Extreme compression fiber (in)

fse = effective prestress. For partially tensioned tendons or for non-reinforced rebars,
fse may be assumed = fp; - 25 ksi where fp; is initial tension.

¢ :=9.75in fse := 194 .4ksi

center_prestressing_strands = 6.9in  di := (h_beam+height slab)-center prestressing_ strands

. di fse
esi = 0.003'(: - 1) + E_ps esi = 0.026

Step 2 Estimate the stress in each steel layer
. . 0.04ksi
For Low Relaxation 270 ksi Strands: fsi := fpu — S fsi = 267.91ksi
(esi —0.007)
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Step3  Use Equilibrium of Forces to Check assumed Neutral Axis Depth
Y Asifsi + XFcj =0
Y Asifsi := (Area_bars-num_bars)-fsi Y Asifsi = 1967.5kip

Average the coefficient B1 over the concrete materials if the depth of the compression block
is greater than the depth of the cast in place concrete slab.

Blavg = Jﬁ%c_ﬁln
(fe Ac)

initial guess of f1 :=0.81 initial a:=f1c initial a:=7.897in  width_of slab := 60in

_ f'c_slab-width_of_slab-height_slab-0.85 + f'c_beam- (initial_a — height_slab)-t_top_flange-0.725
o f'c_slab-width_of_slab-height_slab + f'c_beam- (initial_a — height_slab)-t_top_flange

Blavg =0.843 a:=Blavgc a=8.22in
>Fcj :=—0.85-(width_of slab-height slab)-f’c_slab — 0.85-(a — height slab)-t top flange-f’c_beam
YFcj =-1696.66kip
YFcj + ZAsifsi = 270.89kip Error is not with in 1% so repeat Procedure

Blavg

Step 4 Revise “c” and repeat steps 1 through 3 as necessary By decreasing the value of “c”,
the area of the compressive stress block decreases. This corresponds to a much smaller
compressive force. If the value of “c” is increased, the compressive force increases. After a
few trials, a neutral axis that satisfied equilibrium was found. For simplicity, all intermediate
iterations will be skipped.

Step 1 Final Trial

Assume new neutral axis at ¢ ;= 11.30in and compute strain in each stell layer.

di f
esi = 0.003-(—1 - 1) b= esi = 0.023
c Eps
Step 2 Final Trial
fii o= fpu — —OHST__ fsi = 267.51
(esi — 0.007)

Step 3 Final Trial
Y Asifsi := Area_bars-num_bars-fsi Y Asifsi = 1964.63kip
B1:=0.824 initial a:=p1-c initial a=9.31in
Note: The new Value of 1 is equal to the value of flavg of the last iteration.

B1 f'c_slab-width_of_slab-height_slab-0.85 + f'c_beam:(initial_a — height_slab)-t_top_flange-0.725
avg =

f'c_slab-width_of_slab-height_slab + f'c_beam: (initial_a — height_slab)-t_top_flange
Blavg =0.823 a:=PBlavgc a=9.3in
>Fcj :=—0.85-(width_of slab-height slab)-fc_slab — 0.85:(a-height_slab)-t top flange-f'c_beam
¥Fcj =-1947.83kip

YFcj + XAsifsi = 16.8kip Error is with in 1%, so equilibrium is satisfied.
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Step 5 Calculate the nominal flexural capacity by summing moments of all forces about the top
fiber of the compressive face.

di = distance from top of slab to the midpoint of pretensioned steel di =72.6in

dj1 = distance from top of slab to centroid of compressive block on slab,

_ height_slab

djl djl = 3.75in

dj2 = distance from top of slab to centroid of compressive block on beam,
a — height_slab

dj2 = height_slab + f dj2 = 8.4in
Fcjl :=0.85-width_of slab-height slab-f'c_slab Fcjl = 1530kip
Fcj2 :=0.85-(a—Height slab)-t top flange-fc beam Fcj2 =417.83kip

YFcjdj :=Fcjl-dj1+Fcj2-dj2  Mn = ZAsifsi-di —ZFcjdj Mn = 11115kip-ft
Step 6 Calculate the Design Moment Capacity, ¢Mn

¢ =1 For Precast Concrete Fleural Members

Mr := ¢-Mn

Mr:= 11115kip-ft

AASHTO LRFD Strain
Specifications Compatibility
Neutral Axis Depth, c (in) 12.14 11.30
Compression Block Depth, a (in) 10.32 9.30
oMv 10782kip-ft Mr =11115 kip-ft
97% 100%
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